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INTRCDUCTION 


The prebiem of supplying encuyh magnesia for the American war 
effert nas become highly imncurtant. Befcre nostilities cegan, cniy abcut 
two-thirds of cur requireinents came frorn dcemestic sources; now they muc’ 
sunniy almost ali the magnesia we need. A further burden is placed uron 
our cwn sunoly by the fact that mcre and mcre magnesia is ee required, 
net aicne to nace “the war tempc of general industrial activity, but alsc to 
id heey chrcome.cre in refractories and to make magnesium metal. The 
demestic magnesite and brucite industry is equipping itself to satisfy mucz °:- 
ae ereater dems wifcr magnesia, but the remainder must be cbtained eise- 
here 


The principal sources of magnesia are magnesite, brucite, dclomite 
cr hish-magnesium limestone, natural brines, cea water, salt-works’ 
bitterns, oe BE Ece es: and fuses stum SE as AL thoug endo Lae: is 

he 
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hich iy Rei petue SC urces ot magnesia, 

At prescnt megnecite is con mest iniportent scurce of magnesia. ? Ss 
of the kncwn commercial depesits of this mineral, hewever, are far from t.: 
princival consuming ureas, and ee churce fcr transportation adds con- 
Siderably tz the cost of the mapnecia produced therefrom. Several plants are 
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being built in Nevada and California to make metallic magnesium. When 
completed, these may handle as much as helf the magnesite produced inthe - 
United States, most of the remainder being consumed east of the Mississippi River. 
The Nevada and Caiifcrnia plants utilize the vast reserves of hydreclectric 
power cf that region. Knewn reserves of high-grade magnesite, hcwever, are . 
net great and at the present rate cf consumption will be depleted within a few 
aecades. Utilizaticn of lower-grade magnesite wili necessitate employing 
increasingly expensive beneficiation methods. Despite this, however, mag- 
nesite undcubtedly will continue for some time to be the mest eccnomical 

S urce of magnesia in areas adjacent ts its proeducticn. 


Brucite is another impertant scurce of magnesia. The only kncwn do- 
mestic deposits of commercial importance are in western Nevada. Conditions 
with respect to the use cf brucite as a source of magnesia are similar to those 


for magnesite just cutlined. 


Dolzmite is less desirable 2s a source cf magnesia than magnesite or 
oprucite, because the or«ccesses for preducing magnesia from it are mcre 
complex. Hcwover its abundance and wide distributicn make it the mcst 
readily aveilable scurce in many locelities. 


Natural brines, sea water, and salt-wcerks bitterns are increasingly 
important sources. and can be usea with dslomite as a co-source of mag- 
nesia. The synthetic magnesia produced therefr-m is cheap and can be 
strictly contrclled as tc quality Natural brines and bitterns, however, are 
not widely distributed thrceughcut the Naticn, and sumplies are imited. The 
sea is an unlimited scurce of Supply but is so dilute that rec: very cf magnesia 
is difficult. 


Magnesium silicates, nctably olivine and serventine, are receiving 
increasing attention as sources cf magnesia. These are abundant in several 
iscalities, but reccvery of magnesia frcm therm involves chemical pracesses 

that have scarcely passed experimental stages. 


Magnesium saits, other than thcse occurring in nature, are not yet 
employed as sources cf magnesia in the United States. In Eurcpe, however, 
a nave been utilized fcr many years, especially chicride which is a by~ 

oduct of the pctash industry. 


Owing tc the increasing efficiency cf chemical-engineering pricesses 
and to the sustained high ccsts of transportation, a trend tcward the use cf 
leceal sources cf magnesia tc replace distant sources already has begun. 
Dolsmite which is ebundant in the vicinity of many industrial centers, may 
be treated eccriomicailly to yield any desired grade of magnesia. It is likely, 
tnerefore, that dclomite scon will be cone of the mcre imncrtant sources cf 


magnesia : 
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some cf the varicus methods by which magnesia or magnesium com- 
pounds may be recovered frcm dolomite as well as their economic possi- 
bilities are discussed briefly in this paper. References to patents cr ts 
published descripticns ct the processes covered in this paper are listed at t.- 
end cf this ERGEee 


RECOVERY CF MAGNESIA FROM: DOLOMITE: 


The various methods orcposed for the: recovery of magnesia from 

- dolomite fall in two groups - (1) mechanicai and (2) chemical. Inasmuch as 
chemical changes are involved in all processes for separating the con- 
stituents of dolomite, mechanical methods are defined as those in which two 
solids of different properties are separated, and chemical methods as those 
in which a sclid compound of one compcnent is sevarated from a solution cf 
tne other component. Before taking up methods suggested for mechanicaily 
-— separating the lime and magnesia ccntents of dclomite, it would be well to 

- consider its thermal! decomposition. | 


Thermal Deccmpasiticn of Dolomite 


Dclomite, CaMg(C0g)9, is a chemical combination of calcium carbonate 
(CaCO) and magnesium carbonate (MgC0g). High-magnesium limestones, 
mixtures of calcite and dolomite, CaCQg + CaMeg(C03)o contain higher propcr 
tions of calcium carbonate than does true dolomite, but they are commonly 
called ““dclomite’’ and in this paper are considered as such. Occasionally « 
mixture (rather than a chemical combinaticn) of calcium carbonate and mes- 
nesium carbonate is found which, although having about the same chemicei 
composition, has quite different properties. Such a mixture is often loose-y 
referred to as dolomite, although it may contain none or very little of this 
mineral. For want of a better name, such material will be referred to in 
this report as magnesitic limestone. The calcium carbonate and magnesium 
carbonate constituting this tyne of material are usually present as particles 
large encugn for successful mechanical separation. Upon heating a magnes:::: 
_ limestone at atmosnheric pressure, the magnesite is decomposed into 
magnesia and carbon dioxide at its decomposition temperature of 540° C. 
(1,004° F.) according to values given in the International Critical Tables; but 
Conley’s experiments (1)3/ seem to indicate that 620° C. would be a more 
nearly correct value. Calcite dces not decompose into lime and carbon dioxi.: 
until it reaches about 900° C. (1,650° F.):. Aithough under ncrmal operating 
conditions the temperature rises much higher than 620° C. before decom= 
position of the magnesite is complete, it is comparatively easy to decompose 
the magnesite almost completely and yet allow the calcite to remain uneaifect:: 
oucn a mixture of magnesia and calcium carbonate is known as differentisi.; 
calcined or “‘half-burned’’ dolomite. 


3/ See references at the end of this report. 


eouU | -4- 


Google 


LC. 7247 


_ Magnestic limestcnes are not readily cvercalcined. Calcination at 
a temperature just high enough to drive the carbon dioxide frcm the calcium 
cerbonate gives a material in which bcth the magnesia and lime are ex- 
tremely reactive. Increasing the temperature well above this level decreases 
the reactivity cf the magnesia but affects the lime but little. 


True dolomite, hcwever, reacts very differently. At atmospheric 
pressure it begins to decempcse at abcut 725° C. (1,3887° F.), according 
to Ceniey (1). At this temperature in the absence cf suitable catalysts, 
the double carbcnate breaks down yielding calcite and magnesite. The 
latter, being abcve its decompcsition temperature, immediately decomposes 
into MgO and COo. Although the calcite f-rmed by the deccmpssiticn cf true 
dslemite does nct evclve COo below the usual temperature of abcut 900°C. 
(1,650° F.), it will be noted that the spread between the temperature of 
decomposition cf the magnesite: and that of the calcite is considerably less 
for true dclomite than for macnesitic limestone. It follows that true dolomite 
is more difficult to calcine differentially cr tc “half burn’’ than such a mix- 
ture. 


Again, in ccntrast tc the mixture cf calcium and magnesium carbcnates, 
true dolomite may readily be overcalcined. Owing to the intimacy cf con- 
tact between the magnesia and the lime, caicination at too high a tempera-~ 
ture cr fcr too lcng a pericd is very likely to reduce substantially the 
reactivity not cnly of the magnesia but cf the lime as well. Certain im- 
purities, especially iren cr aluminum oxides, aggravate this tendency and 
Increase the care with which the d«lcmite must be caicined to avoid cver- 
burning. 


Production of ‘‘Jalf-Burned’’ Dolomite 


Inasmuch as the half burning cf dolcmite is a prerequisite of several 
preceseses discussed in this paper. and because the magnesia in half-burned 
dolemite finds important uses in the manufacture cf magnesium oxychicride 
cements, fertilizers, and for water softening, a brief discussion of methods 
cf haif burning dolamite is desirable. 


Owing tu: the narrcw temperature renge fcr calcining dolcmite 
differentially, attempts tc use the usual calcining methods cr apparatus 
invariably result in either the inccmplete calcination cf the magnesium car- 
benate cr the formaticn of free lime Fcr scme uses, free lime is sc 
cbjectionable that nc more than traces of it may be tolerated; but, on the 
cther hand inccmpletely calcined magnesium carbonate results in loss cf 
yield. To overcome these difficulties, numerous studies have been made 

and many methcds of calcining devised to “half-burn’’ completely dolomite 
so as to preduce magnesia containing nc more than traces cf free lime. 
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Loomis (2) suggests that large lumps of dolomite be half-burned 
by calcining in an ordinary lime kiln operated at a temperature somewnit 
lower than usual. The calcined lumps are then treated with enougn water 
to slake only the material on the outer surface that is high in free lime. 
This causes the surface material to crumble and leave a core relatively 
free of calcium oxide. Although in this method slight overburning to assure 
complete calcination of the dolomite is:ncot cbjectionable, the temperature 
must be kept low enough to confine the CaO to a thin Surface layer. Tec 
broaden the spread between the temperature at which MgO is formed and the 
temperature at which CaO is formed from true dolomite, the partial pressur=: 
of CQ9 in the atmosphere surrounding the dolomite should be increased, be- 
cause such increase will raise the temperature of decomposition cf CaC03 
but will have no effect upon the decomposition of dolomite into magnesite ans 
calcite (8). As it is the difference between these two temperatures that 
permits differential calcination of dolomite, it follows that an increase in the 
partial pressure cf CO. above the dolomite will facilitate the differentiai cai- 
cination of dolomite te MgO and CaCOs. 


McIntire (4) suggests the use of 100-mesh material agitated at 
500° to 550° C. ina current of steam to maintain a low partial pressure of 
COs. The steam also acts catalytically on the double carbonate to hasten its 
deéompositian into calcite and magnesite and thus to increase greatly the 
range of temperature for differential calcination. The fine particle size of 
the dolomite is essential because the steam can penetrate only as far as 
decomposition of MgC0g has left the dolomite porous. Decornposition involves 
expulsion of C09 and its diffusion through the layers of porous reaction 
product to the surface of the particle. Inasmuch as the directicn of this 
diffusion is opposite that of the diffusion of water vapor the rate of reversicn 
and decomposition of the dolomite will decline rapidly as the layer of re- 
action products becomes thick; but when the rock is in small particles, the 
layers are ¢lways thin. The use of finely divided material is contrary tc 
normal practice, because relatively coarse material has more desirable 
physical cheracteristics. Large quantities of finely divided dolomite are 
available, however, as byproducts of various other mineral industries, 
including tailings from ore-concentrating mills using froth flotation. 


Stump (5) has described a process of carbonating the Ca(OH) content 
of 2 milk of dolomitic lime tc produce a suspension of CaCOg and Mg(0H).. 
Pike (3) describes a somewhat similar prccess whereby freshly calcined” 
dolomite is subjected to the action of COs and HO in a closed vessel at 800° 
to 600° C. until all the CaO is converted into Sate thereby producing a2 
fairly high-grade half-burned material. The processes of Stump and Fixe, 
or modifications of them, could no doubt be employed advantageously to 
eliminate any free lime inadvertently formed in haif-burned dolomites. 
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Methcds cf Mechanical Separation of Lime and Magnesia in 
Dclomite and Magnesitic Limestone 


RE EEE ES eo a GT ES 


MgO, whereas the calcite remains unchanged. The magnesia is then easily 
disintegrated and separated by screening. This process has been described 
by Mitchell and others (7). Althcugh it wculd be virtually impossible to 

cotain a complete separation because some of the calcite wculd be reduced 

to a fine state during crushing and scme cf the magnesia would not be reduced 
‘the methcd wculd prebably be suitable and economical for the manufacture of 
Stabilized dolcmitic refractories, Obviously, the method applies only to 
_Ynagnesitic limestones. — 


| An improvement cver the above inethod consists in slaking the caustic 
- magnesia with barely encugh water and carbon dioxide to convert it into a 

- fine, light, fluffy, basic magnesium carbonate powder. This puts no 

- mechanical stresses on the calcite, and as only a small part of it is reduced 

to the fineness of the magnesia, satisfactory Separation may be obtained 
either by screens or by air classifiers (8). The basic rnagnesium carbonate 
so produced is light enough to be used directly in thermal insulation, or it 
mey be converted into clacined magnesia products. This methcd is very 
Simple, but any calcium oxide formed in the half-burned magnesitic lime- 

. stone would contaminate the product. Considerable care must therefore be 

taken in the preparation cf a haif-hurned magnesitic limestone that is 

virtually free cf calcium oxide. | 


Scmewhat similar are the processes of Clerc, Nihoul, and others (9), in 
which magnesitic limestone is calcined at 1,000° to 1,200° C. to produce a 
relatively hard-burned dolomite This product is treated with only enough 
water to hydrate the lime but not enough to hydrate the magnesia. In this 
instance the calcium hydroxide takes the form of a fine powder that may be 
separated frcm the coarser MgO by screening. Obviously, this prcecess 
would not be effective fcr true dolemite, as both the MgO and the Ca0 resulting 
from calcining would be very fine-grained, with nc appreciable difference in 
particle size. Its basic principle is the comparative ease with which MgO 
may be rendered inert tc water and COo by means of heat treatment. 


Goudge (10) employed a modification of the Clerc and Nihoul pro- . 
cess to recover a relatively pure magnesia from brucitic-limestone depcsits 
cf Ontario and Quebec, Canada. This material, similar in many respects to 
magnesSitic limestone, ccnsists of rcughly spherical granuies of brucite 
commcniy i tc 4 mm in diameter embedded in a matYlx of limestone. Occa- 
sionaily, dclomite and granules cf serpentine are found associated with the 
crucitic limestone. In general, the granules cf serpentine are smalier than 
tacSe of brucite. 
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In Goudge’s process, unifermly graded brucitic limestone is calcined 
1, 000° te 1,200° C. depending on the presence cf dolcmite in the materiz'. 
ca t: the comparative ease with which dclomite may be cverburned, it i: 
necessary to treat the brucitic limestone containing dclcmite at < temperntu: 
net higher than 1,000°C. Inasmuch as brucite (Mg(0H)5) deccmposes with: 
the evoluticn cf water at 700° tc g00" C., such treatment leaves this rateri:. 
as Pelaciveiy ave magnesia. 


The next step in the wrccess is tc Slake the Lime or calcined doicmite 
with just encugh water to prcduce a dry hydrate. To facilitate the penetraii.. 
of water, it is desirable te crush the caicine to finer than 3/4-inch size. It 
is necessary tc prevent the temperature in the slaking mass from rising ur- 

‘duly, inasmuch as tnis facilitetes hydration and ccnsequent lcss cf the cai- 
cined brucite granules With prceperly calcined material, a carefully con- 
troiled siaking cneration snculd yield a Satisfactorily differentially hydrated 
prcduct. 


Separati  n cf the inactive magnesia granules frem the fine, hydrated 
lime is accomplished by air separation, and the magnesia granulec are dis-_ 
charged toa wasning unit for removal cf adhering lime dust and hydration 
of any unslaked lumps cf lime that may remain after the primary slakinz 
cperation. The hydrated lime thus sesarated mey be marketed economical’; 
in many localities. The granules are collected on either a 35- or a Oo-mesz. 
screen, depending on the presence cf serpentine grains and the purity ci 
product desired. The serpentine grains derived from panes being finer for 
the most part than the megnesia grains, usually pess a 35 5-mesh sieve and 
tnereby leave a relatively pure loom pacer 


By this process Goudge has been able eeneisisntly tc recover magnec** 

= SO to $4 percent MgO in yields of 15 to 18 percent freom reck containing as 
o 32 percent MgQ. Actually; the recowery of magnesia granules is somewh:: 
aan than is indicated by the above figures, inasmuch as appreciable qu=n- 
tities of the MgO in the original reck are present as dolomite. A plant using 


this precess is now in cpcraticn at Wakefield, cue 


The Kilbcurn process (11) likewise depends en the fo act that lime 
hydrates more ranidly than magnesia Instcad cf-using a dry particle-se;2~ 
ration process, however, Kilbcurn removed a lime by elutriaticn, leaving 
a coarse product hic in magnesia. This process eliminates the precise 
control of water and temperature involved in he dry precess. The resulting 
wet magnesia must be dried, but arying may present no real prcbiem because 
the product weuld be used chiefly fur refractories that must be calcined, and 
the presence of mcisture might even facilitate mixing cf varicus ccnditicning 
and stabilizing agents. 
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Other methods. - According to a method proposed by Auzies and Segoffin 
(12), the dolomite or magnesitic limestone is calcined at 900° to $50° C., and 
the product is completely slaked to Mg(0H)9 and Ca(OH)9. The Ca(0H)o nor- 
mally precipitates in relatively coarse grains, and coarse crystallization is 
facilitated by employing a highly concentrated slurry. Concentrations as high 
as 3.7 pounds of MgO + CaO per gallon of slurry have been suggested. The 
Mg(OH)o, however, precipitates in a fine colloidal state, and this difference in 
grain size permits a fair separation by elutriaticn. Magnesia concentrations 
as high as 80 percent may be cbtained by this method. Obviously, this 
process is applicable to bcth magnesitic limestones and true dolomites. 


Stump (2) has develeped a methou fcr the carbonation cf the Ca(OH), to 
aid in the separation of calcium frcm the magnesium ccmponents. The pre- 
Ccipitaticn must be carried out carefully so that the calcium carbonate may 
be settied readily and nct interfere with the Mg(OH)gthatiremains as a re- 
latively stable collcidal suspension. 


The cenerati.n cf megnesia [rcm dolumite by flotaticn was studied by 
Stull (13) and du Bris (14). Stull bciled calcined dolomitic materiai in water, 
and 2 prcduct centaining G5 to 75 percent magnesic. was cbtained by froth 
flctation. In the methed cf du Bris, dolomite is haifburned, finely ground, 
and is added tc an emulsion cf a hycrocarben cr cther oil in water. The 
calcined dclomite deccmroses inte CaCO, and Mg(OH),. The CaCO, is froth- 
flcated by means cf ccinpressed air, and the Mg(OH), remains in suspension 
in the liquid and is reccvered subsequently Ly filtration or by various settling 
and thickening devices. These flotation prcecesses appear to be applicable tc 
both true dclt mites and magnesium limestcnes. 


Stull (18) suggested that just encugh H.SO, be added to calcined dclomite 
(probably milk of dclomitic Lime) tc convert the calcium hydrcxide into cal- 
cium sulfate. which f-rms in relatively large needie-sheped crystals. These 
crystais are then readily sevarated from the finer Mg(OH). by a screening 
or other size-classifying cperation. A vcroduct ccntaining 45 percent Mgod has 
been cbhtained by this method. 


Stull’s methed has the disadvantages that the product is rather low in 
Mg0 and it employs an expensive raw material, sulfuric acid. Nevertheless, 
it might be used for dclcmite in ccnjunction with brines containing magnesium 
Sulfate, as suggested by Scheibler (13), or heavy metal sulfates - whether. 
natural brines or industrial waste products. Inasmuch as rather complicated 
chemical reacticns are involved in the use of these solutions, the processes 
will be discussed in mcre detail in another section of this paper. 


As the mechanicai separations of the lime and magnesia content of 
dclomite or magnesitic liinestone are all relatively simple and are not - 
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dependent on cther manufacturing enctaricns or bypircdticts; they may be cc 
ducted at points convenient to scurces of dolomite and markets for the prc- 
ducts. For the most part, the processes are inexpensive to operate and re- 
quire little or nc raw meterial other than dolomite, water, and scurces cf 
energy, such as coal or other fuel. Morecver, they are all well adapted to 
large-scale operations and require but simple equipment. However, mag- 
nesitic limestones are far from abundant, and the relatively impure preoducts 
cbtained from true dolomite by these mechanical methods compete unfavora:.; 
with the more highly ccncentrated products now cn the market. For these 
mara nc large-scale recovery of magnesia from either dolomite or maz- 

esitic Limestone by purely mechnnical means is eee in the Unite: 
States at the present time. ; = 


Processes for Chemical Separation of Lime and 
Magnesia in Dolemite — 


1, Solution of calcium hydroxide in water. 


The components of a mixture cf two substances may readily be sepa- 
rated, no matter hcw intimately they may be mixed, if one of them can be «. 
rendered scluble in a fluid in which the cther is relatively insoluble. Numer- 
cus methods for acccmplishing this end with respect to dolomite have been - 
‘devised. Perhaps the simplest of these is based upon the differential solu- 


| bility of calcium and magnesium hydroxides in water. The sclubility of 


- Ca(OH)» in water at 18°C. is 1.63 gm. per liter, whereas that of Mg(0H)» is 
only about 0.009 gm. per liter (15). These figures reveal the mossibility © 
dissolving the Ca(OH), from calcined and slaked dolomite without eaprecian: 2 
lass of Meg(0H) This principle has long been recognized, but until recently 
the many attenfpts to employ it have failed to develop a commercially succés: 
ful precess. 


Handy and Isham (13) describe a process in which lightly calcined 
dolomite (calcined at S00° to $50° C. to remove all the CO. without dead- 
burning the lime) is granulated to the size of a pea and is leached with coid 
water to produce an MgO product containing 3 to 10 percent CaQ. The cal- 
cining operation must be conducted carefully if maximurn purity is to be 
attained. Tco low a temperature will give incompletely calcined material 
with quantities of insoluble CaCO, remaining. Too nigna temperature mzy 
cause the dclomite to become difficult tc nydrate and may also cause the 
ree of insoluble and slowly soluble caiciur: c ompounds such as silicate: 

which also contaminate the poe 

Eyoub (17) agitated various calcined dviomites in ee for 10- minute 
intervals, allcwed the insoluble material tc settle, siphoned off the super- 
natant manok: and. was hed the residue with fresh water. The insoluble - 
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residues, after drying and calcining, averaged: Magnesia, 81.2 percent; lime, 
4,1 percent; insoiubie, 13.9 percent. Scme of the products thus obtained were 
suitable for the manufacture of macnesium oxychloride cement, and all were 
satisfactory fcr refractory purposes. 


tull (13) and Frankel (18) obtained unsatisfactory results with this 
process, the low magnesia content of their prcducts probably being due to 
imprcper calcining and the use of water ccntaining small quantities of CO.. 


In 1935 the Standard Lime & Stone Co. of Baltimore, Md., began the 
commerciai preduction of a high-magnesia basic refractory material from 
dolomite by a process of leaching the lime from the calcined dolomite with 
water. This process is covered by patents issued to Young and Triggs (19) 
and may be described briefly as follows: Dolomite is calcined to produce a 
soft-burned Ca0 component (between 9C0° and 950° C.), and the calcined 
material is siaked while still hot. with ensugh C05 -free water at a temperature 
above 50°C. to produce a milk cf lime. This is next treated in a bowl » 
classifier to rernove large or heavy aggregates of unburned lime, silica, or 
silicates, and then agitated tc disperse the particles of Ca(OH)» and Mzg(0B)o. 
Enough CO, ~-free water is added to dissolve the Ca(0H)o (about a thousand 
parts of water per part cf lime). The diluted milk of lime, violently agitated 
to facilitete the dissolution of the Ca(OH)., is run into a Dorr thickener; the 
product is a sludge vf Mg(OH), containing about 9 percent CaO and J percent 
other impurities on a dry basis. The siudge is further dewatered on an Oliver 
continous rotary filter. After additions cf iron oxide and silica as fluxes, the 
filter cake is calcined in a rctary kiln to produce a refractory- grade mag- ~ 
nesia. 


The clear overflow frcm the Dorr thickener is treated with enough CO, 
from the dolomite-calcining cperation to precipitate most of the Ca(OH)» as 
CaC0,, but not encugh to leave any residual CO» in the purified solution. The 
Suspension of CaCO; is settled in a Dorr thickener, and the water is re-used. 
The precipitated cafcium carbcnate, although of good quality, is unused. 


‘ku1aS process 18 economical because it is simple,requires no chemical 
reagents and cperates independently of cther processes or products, Enor= 
mous quantities of water must be handled, however, and the apparatus required 
must therefore be correspendingly large. This entails a large capital outlay 
in plant equipment, but cperating costs are relatively low, inasmuch as 
pumping against low heads, settling, and thickening are among the least | 
expensive of chemical-engineéring operations. As final filtration is conducted 
on moderately concentrated slurries, its cost is net excessive. 


A serious objection to the process is the high lime content of the product. 
Purity of the magnesia could be increased by adjusting the process, but the 
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rate of the prcducticn would be decreased, It is claimed that the lime con- 
tent cannct economically be reduced below 2 percent, and that to maintain 
low operating costs a considerably hicher content must be allowed. The hign 
lime content limits the usefulness of the product but does not prevent its 
employment for the major use, namely, the preparation cf dead- burned grcin 
magnesia for lining open-hearth furnaces S, | 


Impure m2gnesia may result frorn reasons other than incomplete 
leaching of the lime: (1) Undecormposed calcium carbonate may be present; 
(2) silica, alumina, ircn cxidce, or other insoluble impurities will remain 
with the magnesia; (3) acidic oxides may react with the lime to form in- 
soluble compounds during. calcination; (4) insoluble compounds may So encizsé 

‘quantities of Lime as ta prevent dissolution; or (5) some of the lime may be 
overburned and thus rendered difficultly soluble. These factors apply to anv 
operation that leaches cut the lime as a soluble caicium salt and ieaves the 
Mg(0H)5 as an insoluble residve. Inasmuch as dolomite usuaily contains cn-y 
about 20 percent MzO, impurities in the raw dolomite increase fivefold in 
percentage when they remain with the magnesia. For these reasons, the use 
of high-grade dolcmite and careful purification of milk of dolomite are 
essential to the producticn of a satisfactcry magnesia product by a lime - 
leaching process. | 


2. Processes Involving Use of Sugar. 


Many attempts have been made to facilitate the leaching process by oa 
ing solutes to increase the solubility of Ca(OH). in water. Sugar is one cf 7. 
few solutes on which a commercially succes aaa process is based. Deemed 
and Enrmann (20) have described sucha process, 


_ The reactions are as follows: When CaQf)o is added to a solution cf 
Sugar (sucrose), soluble calcium sucrates are formed until about 2 mols cf 
Ca(OH), is added fcr each mol of sugar present in soluticn. Further additicr. 
of calcium in the form of dry, powdered Ca0 to a solution cooled to below it’l. 
a the formation of an insoluble compound that corresponds to the formu.: 
| Hoo. . 8CaO . XH920. This insoluble calcium sucrate may be redis- 
sibel bby the addition of more sugar to the solution. Several known sucrates 


are formed during these reactions, some of which are listed below: 


Calcium menosucrate......... Caexsaies ne Sie Cad 


Sesqui calcium sucrate:....... be ceeesereres (C4004) #f2,)o(Ca0)s 

Dicalcium a ee ee a 19 Ho00qq » ad 

PTICA CUMcSUCYAle’ adapiotwuncneeennnde ores: C19 H900, 1° 3C a0 
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solubility of calcium hydrate in sugar scluticns of varying ecncennations 
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The solubility of eevee 9 1 aqueous Sugar Sclutions at 25°C. is 
indicated in a following table= 


. sugar in sclution, 


— percent percent percent 

O,i17 0.00 59.88 | 0.983 

188 62 99.19 1.000 

130 4.82 94.50 1.021 
1.350 7.00 91.12 1.037 
2.31 6.87 87.85. 1.051 
3.21 14.90 | 84.89 1.067 
4.07 15.10 ) 80.33 1.092 
0.00 17.42 | 75.93 1.109 
6.07 19.86 | 73.07 ! 1.123 


Scheibler (21) obtained patents on a Somewnat similar process that now 
bears his name. According to this process, a heavy milk’of dolomite is _ 
treated with an excess of 10 percent molasses solution. The Ca(OH), goes 
into solution as a sucrate, and the magnesia remains unaffected. “The mag- 
nesium hydroxide is filtered frcm the viscous calcium sucrate solution. 
washed, and calcined to magnesia. The calcium sucrate solution is treated . 
with COo from the dolomite-calcining cperation to precipitate CaCO. and: to 
regenerate the sugar solution. A typical analysis of the magnesia obtained in 
a German plant using this process is given by Eckel (22), as follows: . 


Percent 
IWIEO ciceeu be ted ae eas Ga sis Sena conme Gea ieewewens 95.99 
CAO cess ts esccaat cunigheseeseeiaa sateen: 2.18 
Si0g -- Al;03 ~~ Fe 03 vessererrerees 147 


-Considerable work has been done cn this process, and many modifica- 
tions have been suggested. . Pauling (23) recommends that the reactions be. | 
carried out at 20° to 30°C. to produce easily settleable and filterabie ME(H 
and CaC0g deposits, whereas Frankel (18) claims that as the formation of . 
CaCO, from calcium sucrate solution is slow and the precipitete is almost 
colloidal, the reaction between CO and calcium sucrate should be carried - 
out at or near the boiiing point of the solution to facilitate precipitaticn by . 
the formation of larger particles. Frankel found that solutions containing. 10_ 
to15 percent of sugar were most effective because more concentrated solu- 
tions were too syrupy and prevented complete solution of the Ca(OH)5.. More- . 
over, Concentrated solutions tended to cause the magnesiuin hydroxide to 


Camercn and Patten: Jour. Phys. Chem., vol. 1o, 1911, p. 70. 
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‘“‘lump’’ and coagulate rather than remain as a fine sludge. To avoid the 
formation of the insoluble tricalcium sucrate, an excess of sugar over the 
theoretical requirements is necessary if the calcined dolomite is added t= us 
sugar solution before hydrating. Nees (24), however, claims that Ca(OH)o 
does not cause the formation of insoluble tricalcium sucrate. 


The Scheibler process hasan advantage over simple leaching of the 
Ca(OH)o from milk of dolomite with water in that considerably smalier 
volumes of solution must be handled, but sugar losses are relatively high. 
About 11 gallons of 10 percent molasses solution are required per pound oi 
magnesia produced, and almost 5 percent of the sugar content of this solu- 
tion is lost in each cycle. Part of this loss is through handling of the materi:.- 
and part is due to adsorption on the calcium carbonate precipitate. Frankel 
(18) found that the precipitated CaCO. contained 7 to 8 percent sugar, and thet 
incomplete carbcnation does not break up the sucrcocarbonates, which are 
Stable until an excess of CO, is passed through the solution. Such a reagent 
loss adds considerably te thé cost of production and thereby greatly reduces 
the advantage of reduced volumes of solution tc be handled. Another objectizn 
to the Scheibler process is thattheseparation of the magnesium hydroxide an: 
the calcium carbonate from their respective mother liquors is rendered 
difficult by the viscosity of the solutions. 


The Scheibler precess demands a source of very cheap sugar soluticns 
and, with modifications, could be included in the sugar-refining process, 
magnesia being obtained as a byproduct (25). Such a process is now used in 
some European plants (26). High-magnesium lime is used and the undis- 
solved magnesium hydroxide is separated from the solution before caicium 
carbonate is precipitated. The magnesium hydroxide:is an active adsorbant 
of impurities in the sugar Solution, but the impurities are largely organic 
and are therefore removed by subsequent calcination. 

The Steffen is another sugar-refining process in which magnesia may t+ 
produced as a byproduct. In this process, dry, powdered limie is added to 
relatively dilute cold syrups (usually beet) to produce insoluble tricalcium 
sucrate and leave an almost sugar-free soluticn. The process may be -. 
modified (27) by adding milk of high-magnesium lime to the dilttte syrup to 
the extent of the solubility of the lime, after which tricalcium sucrate is 
precipitated by adding dry, pcwdered high-calcium lime or high-magnesium 
lime. The suspension of mixed Mg(0H)o and tricalcium sucrate is removed 
by filtration, washed, and treated with enough warm sugar solution to 
dissolve all the tricalcium sucrate and any calcium hydroxide that may have 
formed during the precipitation. The Mg(0H)» is separated from the lime- 
sugar solution and is calcined to produce magnesia for refractory, oxychlor- 
ide cement or other purposes. 
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Because of the enormous size cf the sugar industry, these byproduct 
processes offer a huge potential source of magnesia. Some losses of sugar 
not ordinarily experienced in the usual sugar-refining process will occur 
during the manufacture of magnesia by these processes, and this will reduce 
the margin of profit in the operation. Moreover, the nature of the magnesia 
is so far removed from the nature of sugar, and the margin of possible pro- 
fit is comparatively so low, that the production of magnesia as a byproduct 
nas not appeared attractive to most cf the domestic manufacturers of sugar. 
Wevertheless, magnesia is being produced by these methods in Europe, and 
serious consideration is being given to it in the United States. 


3. Processes Invclving Use of Hydrogen Sulfide or Sulfur. 


Another means of obtaining magnesia from dolomite, which has been 
the subject of considerable study, is the process or series of processes in- _ 
volving hydrogen sulfide. The mcst direct of these methods is that recently 
studied cn a pilot-plant basis by the Warner Co. of Philadelphia, Pa., and 
for which a large commercial plant is now being constructed. In this pro- 
cess, HpS is passed into a purified milk of dolomitic lime forming a solution 
of calcium bisulfide (Ca(HS) 5) but leaving the Mg (OH)»5 unaffected. The 
iatter is recovered by filtration or settling and the sofiuon of Ca{HS)o is 
treated withCO9 t release the Hos for re-use and to precipitate cacds. 

The Mg(0H),, which contains ail the silica and iron present in the original 
suspension, 1s calcined to commercial grades of MgO. Some degree of con- 
trol is necessary in the operation of this process tc assure complete re- 
action of the Ca(OH) without the formation of appreciable quantities of 
Mg(SH)o. . 

MaclIntire (28) described a process in which half-burned dolomite is 
ground with water and encugh CO, is passed into the slurry to recarbonate 
any free lime without affecting the Mg(OH). appreciably. After all of the 
Ca(OH)o is reacted, HoS is passed into the’suspension to form a solution of 
Mg(H8)o. The Caco, is filtered from the Mg(HS)., solution, and the latter is 
boiled to precipitate Me(OH) 5 and to release the HS for further use. Under 
carefully controlled conditions, the Mg(0H) 5 produced may be very pure, 
inasmuch as impurities in the dolomite remain largely with the precipitated 
CaC03. By imperfect operation, however, some calcium hydroxide may. 
remain to contaminate the product. Moreover, if handling and boiling of the 
bisulfide liquor are not carefully controlled, sulfur compounds may remain 
in the final product. However, the processes are inherently simple and 
offer the possibility of yielding products of high purity, which may be manu- 
factured under closely controlled conditions. Processes for the separaticn 
of magnesia from dclomite with the aid of hydrogen sulfide are of interest 
also because of the comparatively large sources of byproduct or waste 
hydrogen sulfide in the petroleum industry, manufacture of sulfur dyes, 
purification of fuel gas for domestic consumption, and in many cther . 
industries. 
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ats (28) patented a process for ha pEOaucion of ree ee 
reacts with the Sioum char at the boiling point ‘of water to form 
Caiclum polysulfice and calcium thiosulfate, but dces not react with the 
magnesia. Unfortunately, the caicium thiosulfate sc formed is unstable und2: 
the usual conditions of the reaction and breaks down into the insoluble cei- 
clum sulfite and sulfur. The precipitated sulfur may react with additionai 
calcium hydrcxide, but the calcium sulfite remains with ae mmpenesie as an 
insoluble residue. .The net reaction is as follows: 


by 


8Mg(OH)9 + 8Ca(OH)g + 115 --> 
Sa ee ee ae aCe | 


Milk of dolomitic lime 


aC CaS5 = 3HoO + 3N‘g(OH)2 + Cas03 


! 
i 
\- 


Solution Insoluble wasaue 


The insoluble residue, consisting of Mg(Oh)2 and CaSOg is removed by 

filtration and calcined to remove SO9. The resulting product theoretically 

contains $8 percent Med and 32 percent CaQ. It is possible that.a satisfactory 
basic refractory material may be produced from this material if, before 
calcining, enough Silica, preferably in the form of magnesium silicates, is 
added to react with the CaQ and form calciurn orthosilicate. Suitabie quantitic< 
of a stabilizing agent for the calcium orthosilicate, such as iron oxide or 
chrome ore, sncuid also be added and the mixture calcined at a Suitable tem- 
pereture. The insoluble residue from the lime-sulfur reaction may also be 
used directly as a fertilizer ingredient without calcining. This use requires 
cnly that the product be satisfactorily dried and ground. Both components cf 
the product would be utilized, the Mg(0H)9 acting as a conditioning and 
neutralizing agent and the CaS 309 acting to furnish sulfur’and lime to the soil. 


This process ccuid be modified by employing enough H9S fo form 
calcium sulfide and climinate the formation of calcium sulfite; the insoiubie 
residue cotained thereby would contain no calcium or sulfur compounds cther 
than those insoluble compounds in the originat:dolomite and possibly smal! 
quantities of impurities formed by side reactions during the process. The 
yield of calcium pentasulfide obtained from a given sulfur input would likewis- 
be improved, 


Considerable quantities of caleium souawinad: are produced each year 
for fungicidal purposes, thus making this industry a potential source ci mag- 
nesla cf some importance. The type of concern that: manufactures calcium 
polysulfide could no doubt best capitalize upon the fertilizer-ingredient use 
for the magnesia-calcium sulfite preduct of the reaction, although a proauct 
entirely free of calcjum compcunds as produced by the HoS reaction could 


cD 


@ao0 - 16 - 


Google 


Logs oy 


- doubtless also find a market. The lime-sulfur industry however, is, seasonal, 
therefore, it could not satisfactorily prcduce magnesia cther tnan for fertil- 
izers, the markets for which are also Seasonal. 


4, Processes Involving Use of “Solution Aids’? 


In addition to the uses cf sugar and H.58, cther attempts have been made 
to facilitate the solution of Ca(OH). in leaching the lime from calcined | 
dolomite. Several of these that inJolve ‘‘solution aids” (reagents that incrcase 
the solubility without themselves being ccnsumed) probably will not become 
important commercialiy because of their slight advantages or high cost. Tney 
are discussed here because of their possible application as byproducts. 


The solubility of Ca(OH). is increased by the presence cf various sclutes 
in Soluticn, especially calciunt salts. The following tabie indicates this effect 
by giving data from the observations of various workers cna few salt sclutions 


Ca(N03) at 100° C. is tne most effective of the salts shown in increasing 
the solubility o Ca(OH)o, but it probably will net be used commercially in the 
separaticn of lime and magnesia from dolomite, because its effect is mucn less 
than that of the sugar solution, its concentration must be very carefuily ccn~ 
trolled at 07.0 percent Ca(N0g)o for cptimum results, and its cost is about $23 
per ton of Ca(NOg)o . 4H,0. 

Gathy, and later Esch (30), recommended the use of CaCl, soluticn to 
leach lime from calcined dolomite because at high temperatures it will dis- 
sclve several times as much Ca(0H)»5 as would be dissolved in water. The use 
of the CaCl. sclution would reduce fe size of the apparatus necessary for a 
given capacity or increase the capacity of a given unit, and may prove econ- 
omical inasmuch as large volumes of impure CaCl, solutions are obtained as 
waste in the Solvay process for production cf sodium carbonate. Ina Solvey 
process plant, it would seem more economical, however, to separate the lime © 
and magnesia directly in the process itself, as will be discussed later, rather 
than as a separate step. There are, moreover, cyclic processes involving 
CaCl that operate satisfactorily and yield considerably higher solution and 
suspension ccncentration of the active materials involved. However, as these 
processes are somewhat more complicated to operate, close study would be 
necessary to determine the most satisfactory procedure. 


Solubility of Ca(OH). in water is somewhat increased by the presence of 
salt. This effect is slight“but may be used to advantage in areas in which 
natural brines or salt deposits are available. Possibly even sea water may be 
employed to advantage in processes involving the water-ieaching of ime from 
dolomite, although here, again, other processes appear to be more attractive. 
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Solubility of Ca(OH)9 in solutions of various electrolytes 
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Calcium hydroxide is appreciably soluble in cool ammonium chloride 
solution or in other ammonium-salt solutions. (It is likewise soluble in 
solutions of the salts cf any weak bese.) This is principally because of the 
formation of the corresponding calcium salt and ammonium hydroxide, which 
remain in solution at low temperatures. Proposed processes based on this 
fact will be considered in a subsequent section of this paper. 


“The separation of calcium hydrcxide from milk of dclomitic lime by 
reaction with phenol or one of its homologues to fofm a soluble calcium salt 
has been suggested (31). The insoluble Mg(0H)9 is removed, after which the 
ohenolic reagent and calcium carbonate are recovered by treatment of the 
calcium selt with CO,. Numerous sclvents other than water may be used in 
this process; among the more common are alcohol or acetone. Because of the. 
relatively high cost of the reagents, hewever, it is nrobable that this process 
would be uneconcinical excent as a byprodu ct activity. 


A disadvantage common to all processes that employ appreciable concen- 
trations of soluble salts is the difficulty of washing the magnesia free of the © 
scluble saits, because megnesia is a troublesome product to handle. 


0. Magnesium Bicarbonate Processes. 


Findeisen (32) and Pattinson (33) devised, perhaps, the earliest processes 
os the separation of. lime and ymagnesia from dolcmite by fractional sclution 
with carbonic acid. Pattinson’s process and modifications thereof have since 
canes widely employed in the manufacture of the comparatively high-cost 
product, basic magnesium carbonate. : 


In the Pattinson process detente is calcined and slaked-to form a milk 
cf dolomite, which is then classified to remove impurities and is treated with 
washed and ccmpressed kiln gases to preduce precipitated CaC0Og3 and form © 
Mg(HC0. )o in solution. The CaCo, is filtered off, dried, and marketed as 
opetipiieicd calcium carbonate whiting, agricultural lime, or for pharmaceuti- 
cal purposes, cements, p2ints, and other. products. The clear Mg(HC03)9 
solution is boiled fcr a short time to precipitate basic magnesium carbonate 
from solution and liberate C0. ina relatively pure state. The carbon dioxide, 
because of its purity, is either returned to the process or is compressed and 
marketed. The precipitated basic magnesium carbonate is separated from the 
relatively pure water by filtration and is carefully dried. The water is returnec 
to the process for producing more milk of lime.. The ‘basic carbonate has a 
low specific gravity and is used in “*85-percent magnesia’’ heat insulation or in 
the manufacture of pnarmaceutical gcods, face powder, toilet articles, rubber 
Z00ds, or cther products. Some ct the basic carbonate is calcined to produce 

‘ioht burnt -calcine (pure Mg0)’’ for the pharmaceutical, chemical, and rubber. 


trades. 
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Many mcdifications of this basic process have been suggested. Lernoine 
(34) found that by digesting finely divided dolomite with water charged with 
CO.,, the MegC0. dissolves more rapidly than the CaCQOg. It should therefore 
be possible to Separate the MgCO, from the CaC0g in dolomite without the 
necessity of previously calcining ene material, but in actual practice it is so 
much easier to bring the magnesia of calcined dolomite intc solution as the 
bicarbonate than to dissolve the magnesia of raw dolomite with carbonic acic 
that the additional cost of calcination is justified. Magnesium carbonate 
precipitated from the hydroxide by addition of CO9 is crystallized with thre: 
molecules of water to form MgC0, . 3H50, which is 8.7 times as soluble as 
MgC0g and considerably more reactive. 


Hentcn and others (35) suggested that the dolomite be only ‘“‘half burnt’ 
to facilitate calcinction and to make use of the enhanced reactivity of the 
precipitated magnesium carbonate while the CaCOx content remains inactive. 


It is customary to carbonate the milk cf dolomitic lime. at. moderate 
pressures above atmospheric, although Henton (35) found that an equal reacti-: 
occured when.kiln gases were used at atmospheric pressure. He attributed 
the ineffectiveness of increased pressure to the formation of protective fiims 
of inert gases about the particles. The relationship between the partial 
pressure of CO. over a solution and the solubility of MgCQg in the solution is 
shown in the tonowine table. | 


Relationship between the solubilities at room temperature of 
MgC0g and of CaCQg in water containing CO9 and the — 


tr partial préssuré of COs above.the solution. 


MgC0g per CaCOg per Ratio MgC 03; 
liter, gm. liter, gm. CaCQg, gm. 


Pressure of 
COQo atms. 


0.0 0.92 0.015 61.0 
1.0 27.8 94 29.5 
2.0 32.7 ine 27.5 
3.0 37.2 1.37 oT 
4.0 41.3 1.54 26.8 
5.0 44.5 1.70 26.2 
6.0 47,8 1.84 26.0 
7.0 50.9 1.96 25.0 
8.0 53.5 2.08 25.8 


| The data for magnesium carbonate in the above table were taken from 
Enget and Ville (Compt. rend., vol. 93, 1881, p. 340, and. those for CaCO, 
were taken from McCoy and Smith (Jour. Am. Chem. Soc., vol. 33, 1911, p. 22) 
The data for calcium carbonate were included in the table to show the effect 
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of carbon dioxide on.its solubility, inasmuch as CaCOka is always present in 
the reaction. Variation of the pressure of CQ. above 1 atmosphere does not 
seriously affect the ratic of the solubilities of MgC Oe and CaCOxg, but the 
continuous decrease in the ratics indicates that Se ae at high pressures 
Will yield a slightly less pure vrcduct than at lower pressures. 


From the above table, it will be noted that the greatestrate of change 
of solubility with respect to partial pressure of the C09 occurs between 0 and 
1 atmosphere partial pressure. On this basis it would seem possible to 
operate the carbonation process efficiently at atmospheric pressure and ~ 
thereby obviate the necessity of burdening the process with the cost of an ex- 
pensive compressor. This has been suggested by Hentcn. 


Osokoreva (33) pcints out the danger of overcarbonation of the milk of 
dolomitic limé. He found that the sclubility of the Mg(HC0O.)., which is 
marked during the early stages of carbonation, decreased 3 for extended 
carbonation with the precipitation of basic magnesium carbonate. Henton (35) 
noted supersaturation of the M ig(HCO. ), sclution, which might possibly | 
acccunt for the observations of Osokbréva. Another possible cause for this. 
precipitation may be the dehydraticn cf the magnesium ion. Freshly pre- 
cipitated magnesium carbonate ccntains three molecules of water and is 
several times as soluble as anhydrous magnesium carbonate. It is possible 
that the water of hydration of this material may be bound to the magnesium ion 
rather than to the carbonate ion. This water of hydration increases the 
Solubility product of the corresponding hydrated magnesium carbonate. In the 
Subsequent treatment of the suspension with carbcn dioxide this permits an 

even greater solubility of the hydrated magnesium carbonate than was snown 
in the preceding table, and thereby also permits a greater MgC0, : CaCQx 
ratio. Unfortunately, the hydrated form of MgCQe is not the stable form, and 
dehydration proceeds slowly. When an appreciab bie degree cf dehydration has 
been attained, the anhydrous or possibly the basic carbonate is precipitated 
to produce the effect noted. The relationship between sclubility of MgC0g ina 
sclution saturated with CO, at abcut 1 atmosphere pressure and the temper 
ature cf the solution is shown in the table below. | 
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Relation of temperature to solubility of I MgC0 in a saturated 
CO, solution 


MgC0,/ iiter, | ‘MgC 0o/ liter 
Temp = oC. om. 
Lose L oBet 
19.5 | 4.5 
29.8 i 2.4 
49 0 
62 
Note. - The data for this table were taken from Engel and Ville, 


loc. cit.) 


As the temperature rises, tne sclubility of the MgC0g or Mg(HC0s) J 
falls continuously, until at 100°C. its solubility is nil. During the rise in 
temperature the CO is liberated from solution as a relatively pure but wet 
gas, The magnesium carbonate can cften be liberated without boiling the 
solution, but the colloidal nature cf the precipitate formed below the boiling 
pcint necesSitates a slight boiling period to facilitate handling. The length cf 
the boiling period is of considerable importance, inasmuch as it affects the 
properties of the properties of the product and its chemical composition. The 
longer the period of boiling, the more basic the precipitate. 


It will be ncted from the table avucve that a sclution at room temperature 
saturated with MgC03 and COo at wne atmesphere pressure contains less 
than 2.8 percent MgC0g3. This means that fcr each pound cf MgO produced, 
at least ‘70 pounds cf water must be pumped, heated, and handled, requiring 
huge apparatus. This process, therefore, can be used for the minufacture 
of only ccmparatively high-cost prcducts that can bear the equipment expense. 
On the other hand, the only raw materials needed are dolomite and coke or 
coal with a little water fcr make up, and the process may therefore be located 
without consideration of other raw materials or reagents. It seems pcssibie,. 
moreover, tnat with efficient design, including enough apparatus fcr heat 
exchange and recovery, no external source of heat would be needed other 
than from the dolcmite kiln. Thus, in a continuous process, the not water 
remaining after precipitation of basic magnesium carbonate cculd be treated 
with calcined dolomite to yield milk cf lime and prceduce enough heat of re- 
action to previde steem for bciling the -Fasic magnesium carbonate slurry. 
The hct milk of dolcmitic lime would then pass through a heat exchanger 
to preheat Mg(HC03)o solution for precipitation cf basic carbonate. The 
milk cf dolomitic lime itself would thereby be cooled for reaction with C09 
although it might be necessary tc edd an auxilHary cooler to reduce the 
temperature further to the desired level. The heat exchanger involved 
may become scaled with precipitated magnesium carbonates and cause 
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difficulty. However, modern equipment and the use of suitable surface active 
agents.should largely prevent this scaling and permit satisfactory operation. 


Kippenberger and others (387) based a process fcr the decalcification of 
dolomite on the fact that MgCQOg forms scluble double salts with alkali 
bicarbenates. In his process, a filtered precipitate containing MgCOQxg is 
agitated with a strong sclution of alkali bicarbonate. The resulting solution 
is fiitered after a lapse of about 20 minutes, and the filtrate is set aside to 
crystallize. Crystallization begins 1 to 2 hours after initial solution and ends 
after about. 18 hours. MgC0, . 3H,0 is formed above 15°C., and MgC0g ..oH 0 
below that temperature. The alkali bicarbonate recovered after crystallization 
of the hydrcus magnesium carbcnate may be used repeatedly. 


Kiepenheuer (38) modified Kippenberger’s process by treating calcined 
dolomite with CO, under pressure in a Na.C0Qg solution, thereby forming 
MgC0xg and NaH, almost simultanecusly and in a very reactive state. The 
magnesium carbcnate ranidiy gces into solution and is later precipitated 
from the filtered fiuid when the pressure of C09 is reduced. Platzmann (39) 
dissolves Mg(0H) 9 in water containing KHCOg by treating the suspension with 
CO, to form the comewnat scluble MgC0. ; KriC 0, ; XHoV. The magnesium 
proche (nydrated with three molecules of water) is recovered from this 
solution by heating to 100°C. A tctal cf about the equivalent of 1 percent of 
MgO may be dissolved in the solution. These processes appear to have but a : 
slight advantage over the Pattinson process and must bear the additional cost 
cof a make-up reagent. 


nn 


oO. Processes Involving Scluble Magnesium Salts. 


‘Precipitation of Magnesium Hydroxide. - Perhaps the most cbvious 


chemicai method fer obtaining magnesia is to precipitate it as Mg(0H)g from 
2. solution containing a scluble magnesium salt by adding a more scluble 
strong nydroxide. the bulk cf the maznesie sold commands comparatively 
low prices, and therefore the cheapest hydroxide consistent with the quality 

of the magnesia product desired should be used. Calcium hydroxide, the 
cheapest alkali available, is used in the precipitatian of refractory and other 
bulk grades of magnesia. The yield of magnesia is doubled if dolomite is used 
as the source of the caicium hydroxide. The magnesia in the dolomite does 
not take part in the reaction but unites with the precipitated magnesium 
hydroxide to increase the yield of magnesia. 


If magnesium hydroxide is precipitated rapidly from sclution without 
suitable precauticns, it will consist of a colloidal gelatincus mass very 
difficult to handle. Much study has been devoted te overcoming this obstacle to 
successful recovery of magnesium hydrexide, and varicus methods devised for 
coping with the probiem are discussed in fcllowing paragraphs. 
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The methods by which precipitated magnesium hydroxide is rendered 
readily filterable may be divided into two classes - (1) those that cause the 
precipitation of 2 ccarsely granuiar material and (2) those that cause the 
formation of a highiy flocculant or eggregated mass that is readily filterab'e. 


The precipitation of a granular magnesium hydrcxide depends on the 
slow formation of the precipitate and is perhaps accomplished most readily !: 
the addition of lime in such a manner that it rapidly becomes coated with a 
eelatinous film of Mg(OH) 9: which impedes the progress of the reaction and 
thereby allows the formation of granular M¢QH).. In one process slaked lime 
in the form-of’a thin paste is added to the sclution of magnesium chloride in 
fine streams, which become long threads coated with Mg(0H) 9. After about 
5 days these threads are converted into solid Mg(0H). oy diffusion of the 
reactants through the outer skin. The prcduct is then ground, wasned, driei, 
and possibly calcined. 


Chesny (40) sneents that a slurry of calcined dclomite slaked in con- 
centrated suspensicn so as to produce relatively coarse crystals of Ca(OH)> 
be added to the magnesium-containing solution at a rate that will insure 
effective mixing but prevent or restrain the production cf colloidal hydrates 
of Mg(0H)o. The method described ccnsists in establishing flow streams of 
the encase -containing brine and unclarified milk of lime or milk of . 
dolomitic lime. These streams are brought together in a reaction chamber 72.7: 
agitated just enoxgh to cause slow reaction. The quantity of milk cf lime ada:: 
is restricted tc that necessary for reaction with not more:than 90 gercerit cf 
the original magnesium in the brine. The slow reaction of relatively coarse 
crystals of Ca(OE), in en excess of magnesium in solution causes the forma... 
of a precipitate cf Coarse (5to 25 microns) crystals of Mg(0H).-, which are 
substantially free of collcidal hydrates and are readily settled filtered, and 
washed. 


Farnsworth and Martin (41) suggest a similar process in which the lime 
is added as a solid cf fine particle size. Mg(0H)5 formed on the surfaces ci 
the particles acts as a permeable membrane that restricts the rate at waics 
the lime passes into the liquid phase, which in turn reduces. the rate of react. 
between the lime and the brine and causes the formation cf a granular Mg(CE} . 
The lime is held in suspension by suitable agitation until the reaction has be-::: 


completed. 


In an earlier patent, Farnsworth and Montgomery (42) suggested the: 
formation of coated particles of calcium hydroxide as a separate operation. 
Milk of dolomitic ime was given a preliminary creatment with part cf the 
magnesium solution to be used to yieid a diluted milk containing particies of 
calcium hydrexide coated with marnesium hydroxide. Such particles reactec 
slowly and yielded a crystalline Mg(0H)o product. 
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| Mastin (43) obtained a satisfactory srecipitated Meg(OH)> by gradually 

- mixing, with a charge of granulated quicklime, enough bittern-carrying water 
for substantially complete slaking of the lime and a magnesium salt (usually 
the chloride) equivaient to about a quarter of the total amount of bittern. The 
magnesium salt reacts with the lime to form some magnesia. The rate of mix- 
ing the bittern with the lime or calcined dolomite should be such as to main- 
tain the mixture as a hot, plastic, steaming mass. The mixture is agitated 
until the lime is almost completely hydrated, and then more’bitternis grad- 
ually added to the plastic mix to react with the remaining Ca(OH)o9 yielding 
Mg(0H)o in the form of a thin slurry. The Mg(0H) 9 so formed is a spongy, 
ngarated mass readily recoverable by filtration. 


Wienert (44) suggests Siskine the calcined dolomite with a solution 
containing an alkali cr alkaline-earth nitrate, an alkali chlorate or calcium 
chloride, and a minor prcporticn of boric acid or alkali borate previous to its 
treatment with the MgCl, solution to produce easily filterable magnesia. 
Likewise, Lee and Lee (45) ) suggest calcining the dolomite in the presence of 
about 2 percent of a compound containing boron or beryllium, such as coleman- 
ite, razorite, borax, boric acid, beryllium oxide, beryl, or phenacite, and — 
treating it with an MgClpy solution containing CaCl, to yield a readily filterable 
crystalline Mg(0H),. Acccrding te ancther metho (45), an easily filterable 
Mg(0H)9-is produced by carrying out the precipitaticn in a solution containing 
large quantities of alkaline earth nitrates or chlorides, particularly CaCl 


2° 
Chesny (47) treated a magnesium-bearing brine with a dilute sae milk 
of lime with slignt agitation and obtained flocs of gelatinous Mg(0H),, which 


settled ranidly without breaking intc finer particles. This type of \fe(OH) )o is 
considerably more reactive than the more coarsely crystalline type andis _ 
preferred for certain purposes. Such material may be washed by redispersing 
the settled flocs to a suitable size at the top of a tall tower and allowing them — 
to settle through a rising stream of clear water. The soluble impurities are 
removed by diffusion from the flocs into the wash water. 


Varicus other methods and a Seeens have been sega to facilitate 
washing of the gelatinous type of Mg(OH),. Soluble impurities may be removed 
from Mg(0H)o that has been precipitated‘in a gelatinous ferm by first drying 
the material de remove adsorbed water and then washing the resulting granular 
material with water to dissolve the remaining soluble salts (48). 


Shikin and Spiro (4¢) suggest precipitation of Me (0H) 9 in the presence 
of tanning extract to accelerate the settling, filtration, and washing ot .Mg(0H) >: 
Another process (50) yields a granular product by precipitating the Mg(0H)» 
in the presence. of a colicidal condensation product of an aldehyde and phenol c. 
urea. Sisson (51) dissolved a concentrated slurry of the cClloidal precipitate 
with CO. and then precipitated a satisfactory basic magnesium carbonate by 
heating the solution. 
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' .--. Some Natural Magnesium-containing Solutions... - Sources of sclutions 
of magnesium salts are numerous, and Mg(0H) 5 may. be precipitated econ- 
orically from many of them by using calcined dolomite. Perhaps the 
earliest large-scale sources of magnesium salt solutions to be utilized in 
producing commercial magnesia were the bitterns that remained at salt were 
after the bulk of the salt had been extratted from sea water. The solids 
ccntent of these bitterns has a range of compositicns as follows: 


Percent _ 
TOC Te seatpctivasma atid aicinetabiuame Genesee 6 = 
IO 1 cdi Warne ave eect cate ea cine aed we tote ee o - 10 
MgC lo ETT E EPR EEC UR eee ee ee 20 ~ 6 
Cas0, Pere ry eee ee re ee ere ee er er eee 0.5 - 2.0 
MESOg sscecesceseereene seni cdesceeheunent cowed iQ - 25 
MEBro cccsececerscccrveveeneccseccessanscateees 0.6 - 1.0 


Approximately 25,000 tons cf magnesium is contained in the salts cf 
domestic sea-water bitterns produced annully. This wa ld be equivalent to 
somewhat over 40,000 tons of MgO potentially available annually if precipitate: 
without the use of dolomite, or double this amount if dolomite were used. 
Unfortunately, dolomite is nct readily available near the bitterns, and pre- 

cipitation is generally accomplished with the aid of oystershell lime. 


Another rather abundant source of solutions of magnesium salts is the 
magnesium-containing natural brines such as are found in Michigan and in 
the Ohic Valley. These brines are somewhat more favorably situated with 
respect to dolomite for precipitation purposes and also te the markets for 
magnesia and magnesia preducts than are the sea-water bitterns. sSevera: 
plants are now producing or will shortly produce magnesia products by pre- 
cipitating the magnesia from these natural brines by the use of dolomite. ¢ 
typical analysis of the solids content of these brines follows: 


4 Percent 
Cl coast aaaes Badisssldeanbebeawets 61.6 
ID ate voz aretedl sacle alacant sae teatns eee een 3120 
Col ivaaewisiecouaaedlumane wee ean eupeeie ALS 
Ir pauimentiec amen Miethtnds Camaue caacaane use 13 
OPC sesceaustaneenaer eee se kei ces oo 7 


The solids content of these brines ranges from 10 to about 30 percent. 
Concentration of the magnesium in these brines is considerably less than 
that in sea~water bitterns, and therefore more difficulty would be experiences 
in recovering the magnesia directly from the brines. .However, after ex- 
traction of the salt, the concentraticn cf magnesium is greater in the remain- 
ing bitterns, and they may. be utilized economically. Such bitterns usually 
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consist of a mixture of calcium and magnesium chlorides, with the former in 
excess. Piants using botn bitterns and natural brines are now in operation. 


The ccean is the largest source of naturally occurring magnesium- 
containing Scluticn. This source, althcugh virtually inexhaustible, is a very 
dilute source of magnesium; cnly 0.14 percent cf its weight is magnesium ion. 

However, natural brines used as sources of magnesium are quite dilute. 
Uncontentrated ocean water has for some years been uSed as a source of mag- 
nesium compounds, and the quantity of magnesium being extracted from the 
ocean is increasing rapidly. Until recently, these operations were not 
carried on at locations near sources of dolomite, and oystersheil lime was 
therefore used as a precipitant of the magnesium-ion content. In 1942 a 
plant was built at Cape May, N. J., to recover from sea water 35,000 tons 

of magnesia annually fcr refractory purpeses. Precipitation is accomplished 
with the aid of dolerite obtained frcm eastern Pennsylvania. 


From the preceding dicussion it is evident that precipitation of mag- 
nesium from cencentrated solutions should present little difficulty, because 
various solutes (especiaily caicium chloride, the salt formed by the reaction 
Of Cat (CH)5 anda MgCl.) in the soluticns act as floculating agents. However, the 
process beccmes muth more difficult with dilute solutions, such as sea water, 
because special precautions are necessery to prevent the formation cf a 
colloidal gelatincus precipitate, which is difficult to settle and filter, and also 
because cf the great volume of water from which the Mg(OH)>5 is removed. The 
difficulties of precessing dilute sclutions for the reccvery of magnesia have 
been overcome successfully, and. economical large-scale recovery of the 
magnesium content has been acccmplished in many plants, both in the 
United States and in Europe, 


Cyclic Processes. - Mg(0H). may also be recovered from dolomite by 
use of magnesium-containing solufions other than those occurring naturally. 
Several cyclic processes involving the use of magnesium chloride have been 
devised, and numerous modifications have been suggested for use in localities 
far from the sea or from natural brines. 


One of the simplest and most direct of the cyclic processes is that 
proposed by Closson and modified by Robinsen and others (52), In this 
process a sclution of magnesium chicride is treated with a purified milk 
of dolomitic lime to produce magnesium hydrexide and a corresponding : 
soiution of calcium chleride. Tne lime content of the dclomite is removed 
mcst efficiently by using somewhat less. than the stoichiometric quantity of 
milk cf dolomitic lime. The Mg(0OH)o is filtered, washed, and calcined to 
produce a product claimed tc contain &7 percent MgO with only 2 percent CaO 
and 1 percent Feo03. The caicium chlcride solution is treated with more. 
milk of doiomitic lime and CQo ina type cf gas scrubber, r esulting in the. 
formaticn of CaCO3 and more of the MgClo solution. The CaCOg is removed 
from the solution, and the MgClo is used again in the prccess. About 6 
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percent of MgClo is lost during each cycle, but this will vary somewhat with 
the efficiency of the cperation. Economy of operation demands a cheap and 
convenient source of MgClg or CaClg.: Fortunately, the Solvay process for 
tne production of sodium carbcnate yields somewhat over 3,000,000 tons of 
calcium chloride annuaily and, as almost 95 percent of it is wasted because 
cf lack of market, this byproduct shculd constitute a low-priced source ci 
reagent for use in the precipitation of magnesia. 


The quantity of impurities in the product cbtained from the above- 
described cyclic process should be about half that from the simple leaching 
of lime frorn the dolomite either by water alone cr by various solutions, 
because twice as much magnesia is obtained per unit of impurities present. 


The above precess may be medified to facilitate the recovery of mac- 
nesia by caicining the dclemite in the presence of MgClg (either dry powder 
or solution) et low temperatures. The reaction starts as low as 150° C. with 
some materials and is completed for all materials at temperatures below 
750° C. COo is evolved, and the MgO and CaClo formed by the reaction are 
easily separeted by leaching cut the very scluble CaClo (53). The cyclic 
process may be continued from this point as in the metnca of Rebinson. That 
this modification may operate satisfactorily, however, either the dolomite 
must be in a form fine encugh to absorb the requisite quantity of Mz¢Clo 
solution before calcining, or sclid MgClo must be used. Fineness facilitates 
reacticn; therefore, at least a grinding and leaching operation are added tc 
the process whereas cnly a precipitaticn operation is omitted. 


This process is mcst advantageous for dolomite cf high purity because 
it is not adapted to elimination of impurities. 


| Other methods to facilitate the collection of the MgO have been devisex. 
It is claimed (54) that the presence cf ammenia or an ammonium salt in 
solution aids the precipitation of magnesium hydroxide, probably by increasinz 
the solubility of the Mg(0H)o and thereby facilitating the formation of re- 
latively coarse crystals. 


MacIntire (55) emplcys ammonia for a different purpose. In his process. 
the magnesium chloride solution is treated with a slight excess of slaked 
dolomite, producing 2 relatively pure CaClo solution and a magnesium 
hydroxide containing some calcium hydroxide. The CaCl: ») Solution is then 
treated with ammonia and COo to precipitate a pure Cac Og and yield an 
ammonium chloride solution. It is then treated with impure Mg(0H)o, whicn 
reacts only with difficulty, releasing ammonia from solution on bciling. ‘This 
treatment yields.an impure MgCl, solution that .nay be re-used in the prccess 
ammonia that is collected and re-used, and \ig(OH)9, which is free of Ca(0z)-. 
This cere which involves a rather compiicated operation and the use of 
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an expensive reagent, produces a high-grede calcium carbonate and a good 
grade. magnesia and therefore may be of some commercial interest. 


The Rebinson precess may aisc be mcdified by using either finely 
ground raw dclomite or half-purned dolomite in the second part of the process 
in which Mec lp is regenerated from CaCl,. The use of finely divided raw 
dolomite, as in the magnesium bicarbonaté process, would greatly reduce the 
rate cf reacticn and prokably weuld not be eccnemical. The use cf a half- 

_ burned dolomite might be somewhat advantagecus in that it would reduce the 
calcining temperature and would ccrresp ondingly reduce the quantity of CO, 
See for the Eeacrcns 


Clerc and Nincul (Y) suggest the cyclic process invoiving MgClo as a 
means of improving the quality of the product obtained cy mechanical separa- 
tion of lime and magnesia from dclomite. The cavacity of a given apparatus 
could be increased by use of a previously ccncentrated magnesia. The reagent 
losses, however, are abcut propcrticnal! to the Mg(OH), produced and repre- 
sent largely materia! that cannot be economically recovered from the filtered 
solids. These losses, therefore, would be only moderately reduced by the | 
nandling of a smaller quantity of CaCO,. Consequently, it is doubtful wnether 
tne ccst of-the extra beneficiation operaticn would be justified. The saving, 
however, would be much more appreciable in the processes involving larger 
volumes, as in the direct water+solutio methed.previously described. In 
these processes the reegent loss and ccst is much less important (water is 
usually very cheap), and the reduced size -f apparatus necessary would — 
represent an appreciable saving. As previcusiy brougnt out, however, most 
mecnanical beneficiciation methcds are apolicable only to magnesitic lime - 
stones containing the magnesite and calcite as discrete particles. 


Dougherty (56) suggests a novel precess involving treatment cof calcined 
dclomite with a solution cf MgCly te yield Mig(OH)» and CaCl» in solution. 
The latter is then treated with } ilgS0, obtained by Aiscowine ¢ dolomite in 
Sulfuric ecid. The reaction regenerates MegCi, for re-use and precipitates 
Cacia sataeat The products of these reactions arearelatively pure caicium 
aes and a satisfactory grade of magnesia. The reacticns involved may be 
summarized a S follows: : 


MigC03g . Cac0g + ZHoS0, -~> Meso +, Ca804 . 2H90 + 2009 : 
Cas0, . 2H90 + 94 DE + CaCio + 2H50 -y 2CaS04 . 2Ho0 + MECl, 
MgCl + Me(OH) > + CR(OH) > ag 2Mi g(0H)2 + ak. 


The net: reaction of the es is: 


MeCOq . CaCO, - rs Mg(0H)» + Ca(OH). + eHg804 + 2190 sa) 
| 2Mg(0H)» + 2Cas0," » GHoO + 2005 


The economic success of such a process is doubtful. 
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Schulze (57) suggests a process for the production of anhydrous neutr2. 
magnesium carbonete that involves treatment of dolemite with a solution 
of magnesium chloride and carbcn dioxide. The reaction is carried out at 
abcut 150°C. and at sufficient pressure tc maintain this temperature. The 
MgClo solution is regeneratea by treatment with calcined dolomite and CUc =. 
previously described. This process is designed te obtain special products” 
rather than to maintain low ccsts. : 


Calcination of Magnesium Chloride Obtained from Dolomite and Calciu: 
Chloride. - Another method of recovering magnesia from dolomite that mis:.: 
be of interest involves the use of the calcium chloride solution obtained as + 
byproduct from the Solvay process of making sodiurn carbcnate. The caiciu... 
chloride solution is treated with calcined doiomite and carbon dioxide to 
produce calcium carbcnate and a sclution cf magnesium chloride. The cai. 
cium carbcnate is removed by Settling, and the magnesium chloride soluticn 
is treated with lightly calcined magnesia in an amount equal tc about one- 
third the dry weight of the magnesium chloride inthe sclution. This causes 
the formation of a magnesium cxychioride, which precipitates from soluticna 
and is readily recoverable by filtration or centrifuging. The oxychloride is 
then heated at 600° to 700° C. in the presence of water vapor, and the mag- 
nesium chloride. therein decomposes according to ne follcwing equation: 


MgCl» + Ho0 - -> MgO+ 2HC! 


To prevent oxidation of HCl to Clo, all free oxygen must be excluded 
from the reaction area. The HCl is reCovered by adsorption in water. Ail 
the cperations cf this process are described in the literature (58). 


This process is of interest for several reasons. First, it provides an 
outlet for the calcium chloride solution obtained as a waste byprcduct in the 
Solvay process and which cften presents a scrious dispcsal problem; secon. 
calcium chloride is a very lcw-cost raw material and is abundant; third, a 
valuable byproduct, hydrochloric acid, is produced and can help in sharing 
the cost of an already fairly economical process. Almost 2 pounds of 
hydrochloric acid is produced for every pound of magnesia obtained by this 
reaction, and its cost would be low enough to encourage its substituticn for 
sulfuric acid in many local applications. Even more important is the pcsési- 
bility of oxidizing it to chlicrine. 

Inasmuch as the magnesia produced by this process is obtained from 2 
precipitated product, it should be of high purity. Small quantities of crlorice 
may be removed either by leaching or by calcining at a high temperature. 
For many uses the traces of chloride may not be cbjectionable. 


A problem cf considerable importance is disposal of the calcium 
carbonate, which is produced as a byprceduct five times as great in quantity 
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- as the magnesia. Part of it cculd be calcined to lime and re-used in the 
Solvay process, and part rnight be marketed as fertilizer, whiting, or for 
chemical use. 


7. Processes Involving Use of Ammecnize or Ainmonium Salts. 


several processes have been devised for the separation of magnesia 
from dolomite that involve the use of ammonia or ammonium ccmpounds. 
The most direct and simpie of tnese depends upon the solubility cf calcium 
hydroxide in solutions of ammonium salts. For instance, Ca(0H)» added to an 
NE,C1 solution cf a concentraticn usually not exceeding 15 Serena replaces 
the ammonia, leaving it in solution es NH, OH, and the calcium chloride formed 
also goes into solution. Magnesia and magnesium hydroxide are much less 
soluble than Ca(OH).; therefcre, the lime may be leached from calcined 
dolomite by using a’solution of.ammonium salts, and a fairly good grade of 
magnesia may be prepared from the residue. The ammonium solution is 
recovered by passing C05 into the solution, thereby precipitating the ca Icium 
2s carbonate and regenerating the ammonium chloride solution for re-use. 
This process has been described by Barrett (5S). It is both simple and direct 
but uses a relatively high-cost reagent, NH,Cl, any losses of which would 
weigh heavily against the processi 


Many modifications of this process have been suggested, but the most . 
important is that which adapts it to emplcyment in the Solvay process. One | 
procedure suggested (G, 60) is that milk cf dolomitic lime be substituted for 
milk of high-calcium iime in the Solvay process. If the milk of high-calcium 
lime ordinarily used in this process is replaced by an equal molar quantity 
cf miik of dolomitic lirne, the resulting sclution will contain both calcium and 
magnesium chlorides ond must be treated with more calcined dolomite to 
precipitate the magnesia. This prccess is somewhat unsatisfaactory, as it is. 
difficult to drive ammonia from ammonium chloride sclution with magnesium > 
hydroxide. Moreover, it involves a second cperation, namely, the precipitatior. 
of magnesia from the mixcd chlorides sclution. Both cf these difficulties may. 
be overcome by increasing the milk cf dolomitic lime to double the equivalent 
of high-calcium lime ordinarily used. If that quantity is used, the calcium 
hydroxide only will be consumed in the liberation of the ammonia, and the 
sludge of maznesia remaining may be separated from the calcium chloride 
solution, washed, and calcined to produce the desired magnesia product. 


Current developments seem to indicate that the latter procedure may 
become one of the Simnlest and most important methods of recovering mag- 
nesia products from dolomitic raw materials. The process should fit smoctht, 
into the existing Solvey precess and would require only minor changes in 
Gesign of the plant to accommodate milk of dolomitic lime instead of milk of 


high-calcium lime. The additicnal apparatus would consist merely of 


6530 | - 31> 


Google 


IC. 7247 


standard settling, filtering, possibly mixing, calcining, and packaging 
equipment. The volume of possible production by this mehtcd is enormous. 
Based on 1940 figures for the production of sodium carbonate by the Solvay 
process, the potential prcduction of magnesia by this method is 1,700,000 
tons annually. 


In tais process, however, as in other processes previously described 
in which the lime content is dissolved tc leave a sludge of magnesia, the 


dolomite used must be cf high purity and carefully calcined, and the milk ci 
dolomitic lime must be clarified to insure a reasonably pure product. 


To remove objectionable impurities, Blumenfeld (61) suggests disselviz: 
the magnesia with HCl cf such concentration that the silicates, aluminates, 
iron, and other impurities will remain as a residue. Kinppe (62) recommenas 
partial precipitation of the resulting MgCl. solution with NH. to yield a very 
pure magnesia, and precipitation of tne remaining MgCly with purified railk <2 
dolomitic lime tc vield a magnesia suitable for refractory purposes. By ada- 
ing enough calcined dolomite in the second precipitation, the ammonia in the 
solution may be liberated and recovered by boiling. The ccmplicated proces: 
and comparatively high cost of HCl however, are serious drawbacks to these 
Suggestions. 7 


The Kippe method may be changed into a cyclic process whereby 2 
magnesium chloride solution resulting from the treatment of calcium chleria: 
with calcined dolomite and CQ, is treated with ammonia to precipitate a pure 
Mg(0H)5. After removal of the Mg(0H)., the solution is treated with encuzh 
ea icined dolomite to precipitate ail cf the MgCl. and te liberate all tne 
ammonia, which is removed from the solution iy bciling. A calcium chloride 
solution results from this operation, and an impure Mg(0H) 9 is cbtained. ‘Ths 
CaCl, solution is again treated with calcined dolomite and carbon dicxide tz 
precipitate calcium carbonate and regenerate an MgClo solution, which is 
returned tc the cycle, and the ammonia expelled is aiso returned to the cycie 
to precipitate more of the pure Mg(OH),. By this cyclic process much of the 
magnesia is obtained in a higher state of purity and with a greater range of 
usefulness than would ctherwise be possible. The method is scmewhat simi-cr 
to the cyclic chlcride process of Robinson (52), which has oreviously been 
described but which is more costly. However, the additional cost may be 
compensated by the increased selling price of the purer prcduct. 


Rodolfo (83) suggested that half-burned dolomite be autoclaved at 110°C... 
with (NH )oS0, to produce MgSO, and liberate ammonia. The insoluble cal- 
cium carbonate and siliceous material is filtered from the soluticn of m2s- 
nesium sulfate, and the solution is then treated with the liberated ammonia <- 
a temperature below 40°C. tc form majsnesium hydrcxide and regenerate 
ammonium sulfate for re-use. The process would undoubtedly produce 2 vsr: 
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_ pure magnesia, but whether satisfactory precipitation of Mg(0H)o by the 
ammonia alone would be possible is somewhat questionable. Addition of 

CO, , however, would assure complete precipitation of the magnesium content 
of fhe solution as magnesium carbonete. | 


Barrett (64) suggested heating dclomite with ammonium chloride to form 
~Mg0 and calcium chloride. Ammonium carbonate is given off during the 
calcining operation. Calcium chloride leacned with water and added to the 
ammonium carbonate precipitates as calcium carbonate and leaves ammonium 
chloride in solution fcr re-use. This process avoids difficulties in the 

filtration of gelatincus magnesium hydroxide. 


Curlewis (65) and Orlandi (360) suggest heating a material containing 2. 
magnesium carbcnate with ammonium sulfate to the temperature of decom- 
poSition of the latter, at wnich point magnesium sulfate and a sublimate of 
ammonium carbonate will be formed. If doicmite is used, both magnesium 
sulfate and calcium sulfate will be formed. The magnesium sulfate is leached 
out, and the two sulfates are then treated separately with the ammonium , 
carbonate obtained from the original heating oneration, yielding precipates of 
magnesium carbonate and calcium carbonate, respectively, and solutions of 
ammonium sulfate that may be recovered for re-use. The magnesium | 

arbonate thus obtained is very pure and may be substituted for thet obtained 
by the Pattinson precess. This pure material probably would command a 
price high enough to absorb the high costs cf cyclic reagents and of a com- 
plicated process. 


8. Miscellaneous Byproduct Processes. 


Almost all precesses that involve the dissolution of dolomite in an acid 
to form 2 soluble calcium Salt cculd potentially preduce magnesia 2s a by- 
product. | : 


Byproduct in rnanufacture of celcium nitrate. - Twynam and others (57) 
suggest the praduction of tnagnesia as a byproduct in the manufacture of cal- 
cium nitrate, a fertilizer materici that nas been widely used, eSpecially in 
Hurope. Several methods 2re possible, and aside from the fact that in them 
nitric acid is used tc dissolve tne calcium, these methods resemble quite . 
closely some of the methods fcr senarating magnesia from dolomite that in- 


volve magnesium caloride. 


Briefly, the variations include the fcllowing: 1. Dolomite is dissolved 
with nitric acid, and the clarified solution is treated with purified milk of 
dolomitic lime to precipitate magnesium hydrcxide. 2. Milk cf dolomitic 
lime is treated with nitric acid tc yield calcium nitrate and magnesia. 3. 
Milk of dclomitic lime is formed in prevaration for the fclicwing process: 
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Part cf the milk of dolomite is purified; the residue of coarse particles re- 
moved in the purification operation is added to the remainder of untreated 
milk of dolomitie lime and acted upon by nitric acid to yield the correspcndiis 
nitrates; the clarified nitrate soluticn is then treated with the purified mil 
of dolomitic lime to precipitate magnesia and yield a sclution of calciun _ 
nitrate; the calcium nitrate in solution is evaporated, dried and marketed a= 
fertilizer, and the precipitated magnesia is treated in the usual manner to 
produce a marketable prcduct. 4, Dolomite is dissolved in nitric acid, anc 
magnesia is precinitated with an excess of ammcnia. The ammonia may be 
recovered by addition of milk of dolomitic lime and boiling, or the excess ™-, 
be neutralized with CO. evolved from the dissolution of dolomite in HNO3 anaie 
a fertilizer material prepared from the reaction products. 7 


some work hes been dene on nitric acid cyclic prccesses for the produc- 
tion of magnesia frcm dclomite (53), but recovery of the nitric acid hes pre- 
sented considerable difficulty. Upon application cf neat, calcium nitrate 
decomposes into lime, cxygen, nitrogen, and oxides of nitrcgen. If the neatir: 
operaticn is controlled carefully, the oxides of nitrogen rather than element": 
nitrogen may be formed, and these oxides may readily be converted int: 
nitric acid for re-use. Unfortunately, such controi has not yet been attained, 
and therefcre the cyclic process is not completely satisfactcry. Mcrecver, 
the process involves the rather difficult operation of evaporating tne caicium 


nitrate solution to dryness. 


Several of the processes for cbtaining magnesia from cclomite by the 
cyclic chloride process could technically be appliceble to nitric acid and 
nitrate processes. Itis very doubtful, hcwever, that such cyclic processes 
would be commercially successful, owing ve the relatively high cost of nitrrt:-. 


Byproduct in manufacture of esielum acetate. -~ A small quantity of 
magnesia msy be obtained as a byproduct in the manufacture of calcium 2cets:: 
from pyrcligeous liquors, and a process has-long been suggested for this 
purpose (69). In this process, purified milk of dclomitic lime is treated with 
the vyroligneous liquors of hardwood distillation, which consist largely cf a 
dilute solution of acetic acid and some more complex organic acids and tarry 
materials. The pyroligneous acid is used in such quantity that only the lime! 
attacked; the magnesia is left as a residue and is recovered. The magnesia 
obtained in this process is 80 to $0 percent pure, depending on the quality « 
the dolomite used. The sclution containing the dissolved calcium is either 
treated with sulfuric acid for the recovery of acetic acid and the simuitaneou: 
production cf calcium sulfate or is evaporated to dryness and sold for the 


production of acetone. 


~ 
~ 
ow 


Several thousand tons of magnesia is potentially recoverable from 
dolomite annually by this process. The individual operations are ona sme: 
scale,.and the quality of the priduct is so low that its uses are limited and 
marketing is difficult. 
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Byproduct in manufacture cf calcium nypochlorite. - Another possible 
source of magnesia from dolemite is in the calcium hypccnlorite industry. 
In the process suggested by Wyzal-(70), dolomite is calcined and the lime 
content slaked tc form Ca(OH)», which is then chlorinated in the presence of 
water to form Ca(0C1)C1.H,0. The reaction is stopped when substantially all 
the calcium hydroxide but none of the magnesia has been chlorinated, and the 
magnesia is recovered by filtration. As the calcium hypochlorite industry is 
cf very ccnsiderable magnitude, this process presents a rather important 
rctential source of magnesia. For this process to become economically 
feasible, however, some means must be taken to inhibit the catalytic decom- 
position of the hysochlorite by the magnesia. 


Byproduct in manufacture cf synthetic eeuimts sei: - A small quantity 
of magnesia may result from the productisn of synthetic formic acid or 
formates by a patented process (71) inveiving treatment of milk of dolomitic 
lime with carbon monoxide at 40 atmcsyneres pressure. The carbon monoxide 
reacts with the water and caicium hydroxide to form calcium formate; the 
magnesium hydrcxide does net react but remains as a sludge, which may be 
recovered. The size of the formic acid industry, however, is sc small that 
no great tonnages of magnesia cculc be produced. 


Byproduct from pickling sclutios and other soiutions of heavy metals. 


Processes that yield Solutions of salts of heavy metals either as waste 
products or @s scurces from which the metal is to be recovered by precipi- 
tation as the oxide or hydroxide ere potential scurces cf magnesia from 
dolomite (72). Both calcium hydroxide and magnesiura hydroxide will displace 
most heavy metals from their salts. Therefore, milk of dolomitic lime may 
be added to the solution cf heavy-metal salt; and the resulting solution of 
calcium and magneSium Saits, after removal of the heavy-metai hydroxide or 
cxide, may be treated with more calcined dolomite to precipitate magnesia 
and yield calcium salt in solution. Exhausted pickling liquors are large 
Sources cf such sclutions cf heavy metals. However, if the liquors are sulfate 
solutions, the calcium wil! be precipitated with the metai hydroxide as the 
sulfates and the problem of sevaration becomes difficuit. However, a 
relatively pure magnesium suifate may be recovered from the sclution. 


GS. Miscellaneous Badcdeens: 


Dow and Barstow (73) proposed a process for the production of mag- 
nesium chloride from dolemite: In their process, the chlorine released by the 
electrolysis of fused magnesium cnioride in the manufacture of metallic mag- 
nesium is treated with SQ5 and water to form a mixture of hydrochloric and 
sulfuric acids. When a calcium chloride scluticn is added, it reacts with the 
H2S0, to form calcium sulfate and more hydrechloric acid. The latter is 
used to dissolve dolomite with the formation cf carbon dioxide arid a mixture 
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of calcium and magnesium chlorides in solution. The solution is. bciled with 
milk of dolomitic lime to preciritate magnesium hydroxide, which is separeic~ 
by filtration, leaving a calcium chlcride solution to be used again in the pro- 
cess as above. The Mg(0H)., is treated with more HCl and yields an MgC lo 
Saliticn which is evaoorate cA tc dryness and used in the process of making 
magnesium metal. 


The above process may be vreatly simovlified if powdered dolomite 

made into a Slurry with water is treated with an equimolecular mixture of 

chlorine and sulfur dioxide, forming magnesium chioride in sclution, calciur. 
sulfate, and carbon. dioxide. The magnesium chloride solution is purified by 
filtration and is evaporated to dryness for use in the electrolytic cell. In this 
orocess, the quantities of magnesia and lime in the dolomitic raw material 
must be balanced carefully so that no excess of either sulfate ions or calicius: 
ions is left in soluticn with the magnesium chloride. 


The second of the above processes rnay be einployed successfully if the 
dolomite used is so high in magnesia that by blending it with lime or doivu- 
mitic material lower in magnesia it is possible to prcduce the desired equi- 
molecular ratio of MgC03 to CaC03. However, the cccurrence of such dolo- 
mite is not widespread, and possibie application of the process is thereby 
limited. Moreover, the sulfur used in these »rocesses, to the extent of 1 2/32 
parts or more per part of magnesium metal prceduced, is a veaiuable raw 
material, and the only byproducts cbtained to offset its ccst are calcium 
sulfate, a relatively low-priced commodity, and carbcn dioxide, which woula 
doubtless be a waste prcduct. These precesses are of relatively minor 
importance compared with cperations already described yielding cheap mag- 
nesium chloride from calcium chloride (a waste material).and dolomite (a icv 
cost mineral). 


Delage (74) proposed to electrolyze a solution of MgSO, ina diaphrag:. 
cell and tc neutralize the cell liqucers with dolomite acccrding to the followin: 
equation: 


CaC03 . MgCO, + MgSO, + 2HoO --9 2Meg(OH)» + 2H» (ali at the 
cathode) + Caso, . at190 + 2005 + Oo (alf at the ancde or © 
from anode liqucr). 


The MgSO, for the process was to be obtained from the reaction betwe<: 
dolomite and niter cake, which is a byproduct in the manufacture of nitric aci* 
from sulfuric acid and sodium nitrate. This reaction would aiso yield CaS0s 
and NaoSO,4 simultaneously. The presence of NagSOq in the electrolytic ce. 
would result in the formation cf NaOH, an additional product of the process 
Ultimately, calcium sulfate would be the cnly sulfate remaining. 
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The process ccuid doubtless be made cyclic by obtaining MgS04 for this 
reacticn by treatment of a suspensicn cf finely divided Cast, with milk of 
dolcmitic lime and CO». The hydrcgen and oxygen obtained as coproducts in 
Delage’s process also have a market value. This electrolytic orcecess might 
prove successful in areas having lcw-cost electric power. 


Booth (75) patented a method of reccvering magnesia from dolomite by 
dissolving it either in fused sodium or potassium chicride, or both, maintained 
at a temperature higher than the decomposition temperature of magnesite arid 
lower than the deccmposition temperature of the calcite. The MgC0.3 decom-~ 
poses and forms a precipitate in the fused salt solution, and Mg0Q is obtained 
from the suspension by hot filtration of the fused salt. The CaCOe« is not 
deccmposed but rernains in Scluticn in the fused salt, wnich is so:idified and. 
treated with water to dissulve the sait end leave a finely divided CaCO, residue. 
The salt solution is then evarorated fer re-use. This process involves the use 
of an expensive solvent and inchides severai difficult and costiy steps; there- 
fore, its commerciai succecs is doubtful. 


Laurent and Baze (73) have patented two cormpiicated processes by 
which magnesia mey be cbtained from dclomite. In the first, sodium c.iloride 
is heated with Alo0., in the presence of steam to yield hydrogen chloride and 
sodium aluminate. The HCl reacts with dclomite, elon a solution of mag- 
nesiurn and caicium chlorides. The liberated CQ. is used tc deccmpose the 
Sodium aluminate inte Na.Co and A\leQ,. The latter is available for another 
cycle. The CaClo in the s solution obtainéd in the reaction cof HCl on dclomite is 
treated with sodium sulfate to yield calcium sulfate and scdium chloride. The 
calcium sulfate is rernoved by filtration and treated with the NaoCQ, solution 
to yield NajS0, and CaC03. The NaoSO, is returned tc the process, andthe . 
CaC0g is either marketed cr wasted. The scluticn remaining after the removal 
of calcium sulfate contains sodium and maznesium chlorides and is treated 
with sodium carbonate to yield magnesiurn carvonate and a sclution containing 
only sodium chloride. (The calcium and magnesium contents of the chloride 
solution could, no doubt, heve been senarated equaliy well by fractional carbon- 
ation with sodium carbonate and without the intermediate use of sodium sulfate) 
The sodium chloride soluticn is evaporated, and tne salt returned to the pro~ 
cess. The magnesium carbonate is calcined to preduce the desired magnesia 
oreduct. The net reaction of the whcle process is 


MgCOg.CaC0g ---3 MSUEC 2h CUS : 
It will be ncted that dclomite is the cnly raw material required for this 


process other than replacements of minor amounts of materials lost. This 
process is entirely tso complicated to be cf value in the recovery of magnesia 


from dolomite. 
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The process may be modified in several ways. The mixture of sodiura 
and magnesium chlorides may be separated by fractional crystallization rather 
than by chemical precipitation. This would yield an equivalent quantity cf 
MgClo and would also yield NajC0x. The net reaction would be as follows: 


2NaCi + MgC0,.CaC0g ~-2% MgClo + NagC0g + CaCO 


Another alternative to the process would be to employ purchased 

Na SG, for the precipitation of the calcium chloride and permit the formation 
of calcium sulfate as a byproduct. This would simplify the process somewhsi 
and the combined value of sodium carbonate and calcium sulfate is about equ:. 
to the combined value of sodium sulfaté and calcium carbonate involved in the 
reactions. The net reactions with this modification, as applied to the previous 
two modifications, are as follows: 

NaC, -CaCOgt2H70 +NagS0, --» Mg0+NaoC03+C0g +CaS04.2H90 | 
eNaCl+MgC0,.CaCO.t+NagS0,+aHeO --> MgCioteNasC03g+Cas04.2Ho 


The Laurent and Baze process just described and the modifications 
suggested are sc ccmplicated that chance of their commercial success appears 
Slight at least in the manufacture of refractory magnesia. It is possible, how 
ever, that they might be applied to the production of higher-priced ne a 
such as basic megnesium carbcnate. 


According to ancther method suggested oy Laurent and Baze (77), cal- 

~ cium sulfate is reduced witn ccai to calcium sulfide, which is treated in 
aqueous suspension with COo to yield HoS and CaCQg. The H9S is passed into 
a solution of CaSO, to yield 4y 804 and aS. The CaS is separated by filtration 
and roasted to yieid more Cas a The H280, is used to deccmpose dolomite 
into C05, CaSO0,.2H.,0, and MgS04. The Cas0q. 4H90 is separated by filtraticn 
Lor re-use; and the“M tees is treated with NagC0. to yield MgC0Og and ite 
The MgC0, is separated from the solution and calcined to preduce the desiré 
magnesia product, and the NagSO, solution is evaporated -to yield solid NasS0. 
Sodium carbonate may be regenerated from the Na,S0O, by the well- known’ 
although now obsolete Leblanc process, which yields not only the NagC0q but 
also Hos for re-use. | 


The cnly raw materials inueied in this process, other than tc com - 
pensate for losses, are dclomite and carbonaceous fuel (usually coal). The ony 
byproduct of the process as outlined ebove is calcium carbonate, which is 
obtained in a fairly nure state. 


The method given above of reccvering sulfuric acid from calcium SuLLare 


is interesting but is mcre complicated and costly than existing processes. Tiic 
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dissolution of dolomite and the precipitation of calcium sulfate and magnesium 
carbonate are not unusual operations. The Leblanc process for the recovery 
of NagC0g from sodium sulfate is obsolete, having been replaced by more 
efficient means. Although in its application to the Laurent and Baze process, 
both the sodium carbonate and the hydrogen sulfide are used, the process is 

so complicated that it would probably be raore economical to purchase the 
soda ash and hydrogen sulfide and market the sodium sulfate. It would 
probably be even more economical to purchase sulfuric acid direct rather than 
attempt to manufacture it by the process suggested. In view of these con- 
siderations, it seems difficult to justify this process economically. 


Stull (13) suggested that just enough HoS0, be added to milk of calcined 
dolomite to convert the calcium hydroxide into calcium sulfate, which forms 
in relatively large needle-shaped crystals. These crystals are then readily 
separated from the finer Mg(0H)o9 by a screening or other size-classification 
operation. A product containing 75 percent MgO has been obtained by this 
method. It is of little ccmmercial interest, as the product obtained is of low 
MgO concentration, and an expensive raw material, sulfuric acid, is employed. 
It seems possible, however, that the method may be applied to recovery of 
raagnesia from dolomite with the use of brines containing magnesium sulfate 
which occasionally occur naturally; although it would doubtless be more . 
efficient to remove the sulfate ions with calcium chloride obtained from a 
previous cycle before attempting to precipitate the magnesium content witn 
calcined dolomite. -*. & ; 


Lee (78) patented a process of adding to finely crushed dolomite a 
material such as iron oxide, which will react more readily with the lime than 
with the magnesia to form a fusible system, which may be removed from the 
magnesia. In.an example, he suggests briquetting an intimate mixture of 10.8 
parts of dolomite, 9 parts cf brucite, and 4.8 parts of mill scale. Upon 
application of heat, calcium ferrites form, which drain from the briquettes, 
leaving a residue containing as much as 81 percent MgO. The relatively - 
impure magnesia cbtained by such a process is suitable for the manufacture 
of basic refractories. The calcium ferrite adhering to the magnesia is | 
desirable as a flux for aiding in the sintering of the magnesia in furnace 
hearths. Magnesium orthosilicate (olivine) may be added to improve the 
refractory properties of the material by reacting with the fusible calcium 
ferrite to form less fusible calcium Silicates. 


GENERAL ECONCMIC CONSIDERATIONS 
Cost of Producticn and Anclicability cf Process 


Cost is the most important consideration in the recovery of any 
established commcdity from a new scurce. The various grades of magnesia 
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commercially available command a wide range of prices and therefcre per- 
mit a wide range of manufacturing costs. The less pure items Sold in great 
bulk at a low price must be manufactured on a large scale and at minimum 
expense. Cn the other hand, more highly refined or prccessed materials are 
sold in smaller quantities for higher prices and can afford more meticulcus 
handling during manufacture. 


| Where raw materials are abundant, ccsts of manufactured commodities 
tend to decline as improvernents are made in manufacturing practice. The 
raw materials for magnesia are exceedingly abundant, and therefore a con- 
tinuous decrease in its cost of manufacture may be expected. Rather costly 
processes that can no longer be improved technically will doubtless be re- 
placed gradually by more efficient processes. It is essential, therefore, thet 
any contemplated process be studied carefully from this standpoint. 


Processes must be sc chcsen that the product obtained will be suitabie 
for the propcsed use. Obviously, a process producing a low-grade product in 
great volume cculd not be emplcyed to produce a high-purity product for whic: 
the market is small. Thus, the methcd of Mitchell (p. 7) for separating mag- 
nesia from dolomite by a differential hydration method would be entirely un- 
Suited to the manufacture of milk of.magnesia for medicinal purposes. 


Magnesia ior refractories. 

The degree of purity desired in magnesias to be used for refractories 
varies greatly and depends on the type of refractory to be manufactured there- 
from. At one end of the scale, a product having as little as 65 to 70 percent 
magnesia with 18 percent lime and 15 percent acidic oxides may be acceptab:e 
for grain refractories for open-hearth furnaces; whereas, at the other 
extreme, almost chemically pure magnesia may be required for fused mag- 
nesia refractories. The great bulk of the magnesia used for refractory _ 
purposes contains 80 to'$5 percent MgO with up to 7 percent Fe903. 


Magnesia to be used for the manufacture of refractory shapes, such 2 
brick, should have very little residual porosity and should be of is 
high purity. Therefore, precipitated magnesias used in the manufacture cf 
such refractcry products must be calcined at temperatures as high as 1,870°C 
(3,400° F.) to reduce their residual porosity before use. However, precipitate: 
magnesias, owing to their great fineness, are readily adaptable to blending 
with other materials to yield products of closely controlled chemical coms 
position and physical properties; and therefore satisfactory refractory mater- 
jals have been produced therefrom. 
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: Magnesia for mag nesium metal. 


; Magnesia for electrcthermal reducticn tc magnesium metal should be 

_ relatively pure and in a finely divided state. Supplies of magnesia fcr this 

- purpose must almost certainly be chemically prepared,as encugh satisfactorily 
cure materia: from natural sources, such as calcined magnesite and brucite, 

is net readily available. The precisicn of chemica! and physical control 
involved in ‘some of the chemical! procecses for the production of magnesia 

_ described in this paper connect be cbtained in magnesias from naturai sources. 


| Magnesia for reaction with either chlorine or hydrcchloric acid for. 

metal production by the electrulvtic method should not cnly be pure but should 
_ also be fairly reactive tc facilitate chiorination. However, it seems pcssibie 
that there will be a trend in the future to use byprcduct magnesium chloride, 
wnich may be abundantly available for the purvose and which will aiso yield the 
valuable byproduct, chlicrine. 


Magnesia for magnesium cxychloride cements. 
‘Magnesia required fur magnesium oxychicride cements must have not 
only the desired chemical composition but must also have carefully controiled 
chysical preperties. The presence of lime cr calcium hydroxide in the mag- 
nesia is detrimental to the pronerties of the cement, and, therefore, the free- 
lime content is limited to iess than 2 percent. The properties of the cement ar¢ 
dependent, also, unon the treatinent of the material during caicining. The 
reaction yielding magnesium oxychloride shculd proceed at the optimum rate. 
Undercalcined marnesia is too reactive, whereas overcaicined material will 
be insufficiently resctive. The time and temperature of calcining must there- 
fore be carefully cciurciled and varied according te the chemical composition 
and properties of the rew material. Inasmucn as the properties of any mag- 
nesia obtained meciznicaily or chemically from dolcmite wiil be under close 
control, a satisfactory magnesia for cement purposes can be produced from 
dolomite more easily than by direct calcination of rnagnesite cr brucite. How-~ 
ever, careful control of the processing ccnditions has made possible the pro- 
duction of satisfactory plastic magnesia products from magnesite, and most of 
the magnesia for oxychloride cement has therefore originated from this source. 
The increasing production of magnesia from dcloniite may soon alter this 
Situation. 


Chemical magnesia. 


| In general, chemical macnesias, whether for use as adsorbents, fertilizer 
or water conditioners, will deoend cn bcth purity and their physical properties, 
that is usually fineness of structure or particle size. Cnemically precipitated 
magnesias are well suited to the manufacture cf these products. 
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size and Location of Operaticn 


he process best suited to a given magnesia product denends not enuy 
on the requirements as to cost of production and quality of the product, but 
alsc on the size and location of the operation. 


In general, magnesia from dclomite for refractory purposes shoud Le 
produced cn a large scale at places fairly close to consuming areas. It wou:d 
be futile tc produce grain-refractory magnesia cn avery small scale, becauss 
the necessary calcining 2quipment is expensive, and the competition in a lar 2 
market from producers zebie to furnish substantial volumes at low cost would 
be great. Morecver, individual consumers often require quantities of mag- 
nesia comperable with cr greater than those that could be produced by a smiz.. 
plant. Magnesias for fertilizcrs and for cxychioride cements should be . | 
marketed locally hscause of their bulk. The local market is often such that i 
will easily consunie the relatively small quantities of these materials avaiict- 
from smal! byproduct operati.as. Magnesia for magnesium-metal production 
must be manufactured on a large scale because of the demands for huge 
quantities by individual ccnsumers, and it must also be produced near tne 
point of consumption to reduce charges for handling and transportation. Maz- 
nesia for pigment and chemical purposes requires close control and is there- 
fore best produced in central plants, from which it can be shipped for greater 
distances than it would be profitable to ship cheaper magnesias. 


A large plant may diversify its prcducts; for instance, it may have 
small-scale refining equipment to produce specialties for which there is 
but moderate demand. Even the small plant may have a considerable degree 
of flexibility and may make a wide variety of products with onl ly slight varie- 
tion in its operation. 


Economic Disposal of the Byproduct Calcium Compounds 


| A problem of major importance to all plants producing magnesia frern 
dolomite is the disposal of the calcium cornpounds, Ca(0H)o, CaO, CaCOg, 
CaClo, or CaS042H90 obtained as byproducts. There is almcst always a 
market for Ca(OH)o or CaO (hydrated lime or quicklime) of satisfactory puri) 
and physical properties.. However, the more usual form in which the cal- 
cium is obtained is as a sludge of calcium carbonate, the disposal of which 
has remained largely an unsolved problem because of the moisture ccntent. 
Its fine state of subdivision and its low cost, however, suggest many interes.- 
ing possibilities for commercial application. The sludge may be employed t- 
advantage as a conditioner or fertilizer material in agricultural work, but tre 
necessity of removing the water, combined with the low-cost CaCO,, Limits 
this applicaticn to the immediate ‘vicinity of the producing plant, whére the 
sludge itself may be transported economically. The sludge has been used in 
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the manufacture of Portland cement in adjacent plants, and for this use it is 
particularly well suited owing to its fine particle size and its low magnesia 
content. In areas in which Icw raagnesium limestone is not readily available 
the calcium carbonate sludge for use in Portiand-cement manufacture may 
become a preduct of importance almost equai to that cf the magnesie. A pure 
precipitated calcium carbonate residue could be dried and marketed as whit- 
ing, but it is doubtful if the present market for whiting could absorb the poten- 
tial byproduct output of this material. However, it does not seem beyond the 
realm cf possibility that the particles of the sludge could be so surface-treated 
or SO precipitated as to prcduce, when dried, a very light, fluffy material that 
would have a low bulk density. Such material could doubtless be used as a 
filler, adsorbent, or low-temperature heat-insulating material. The sludge 
could be dried and calcined to high caicium lime, for which there is an active 
market. Uses for lime end uses that might apply to the calcium carbonate 
sludge or dried material are discussed at some length by Bowles and Jensen 
(78). A satisfactory solution to this protlem of the economic disposal of the 
caicium carbonate byprceduct would greatly increase the commercial attrac- 
tiveness of ceveral cf the various orocesses discussed in tnis paper. 


Calcium chloride is prcduced as a byproduct in severai of the processes 
discussed. The economic disposal cf this material is a problem upon which 
great effort has been expended cver long periods of time and which still 
remains largeiy unsolved. About $5 percent of the calcium chloride produced 
as a byproduct of the Sclvay vrocess is still wasted. Tne use of calclum 
chloride in the production of magnesium chloride for magnesium metal and 
for magnesium cxychloride cements may present important future outlets for 
this commodity, and a process for the low-cost recovery of HCl from CaClo, 
possibly in conjunction with the manufacture of Portiand cement, may be 
developed. The use of solid calcium chloride in dehumidifying and air- 
conditicning private homes and small, confined places where low nurnidity 
is necessary is of growing impcrtance and may develop to considerable mag- 
nitude in the near future. Tyler (80) has discussed many of the uses to which 
calcium chloride is now put and which account for its oresent volume of sales. 
Although it appears as a byproduct in fewer of the processes for the separation 
of magnesia from dciomite than does calcium carbonate, nevertheless, the 
recovery of value from the CaClo would be of materiai aid to the econornics 
of the processes that dc vield it as a bypreduct. The sclution of this problem 
would also be of great importance to the aikali industry. 


In general, calcium sulfate shculd find markets ccmparable to the 
magnitude of its production, and no great problem should occur. Precipitated 
calcium sulfate may be used as a filler or pigment or may be calcined to yield 
a nigh-grade plaster. Cther calciuin compounds obtained are often equally as 
important as the magnesia and therefore have ready markets. 
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CONCLUSIONS 


In the fcrercing discussicn an attempt has been made to cover some .- 
the various metnods by which magnesia or magnesium compounds may be ré- 
covered fromm aolcmite and to discuss their economic possibilities. It is 
hoped that a creative interest has been stirnulated and that satisfactory 
attention nas been directed to some.of the possible methods cf profitably re- 
covering magnesia from dclomite. 


Tne number and variety of econcmically sound methcds discussed ner<:. 
indicate that in the future «all grades of magnesia can and will be produced 
from aciomite. It seems likely, therefore, taat doicmite will beccme cne 
of the more important sources of magnesia, and that, coincident thereto, 


future sources of magnesia products will be closer to consuming centers then 
heretofore. 
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